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EXECUTIVE SUMMARY

This Draft SupplementaAnalysis to théraft Risk Evaluation for 1 Dioxanewasdevelopedn

response to publiand peer reviewomments oithe draft rik evaluationandincludes additional

conditions of uséor 1,4-dioxane present as a byproduct in consumer products, as well as an analysis of
recreational activities in ambient/surfagateras an exposure pathway under all conditions of use
included inthedraft risk evaluatiorandthis draft supplemental analysiEPA plans to incorporate this

Draft SupplementalAnalysisto thedraftrisk evaluatiorinto the final risk evaluatioiThe Frank R.
Lautenberg Chemical Safety for the 21st Centuryakeended the Toxic Substances Control Act
(TSCA), the Nationds pri mary cUndenhea@amenhded stamte,a g e me
EPA is required, under TSCA 8 6(b), to conduct risk evaluations to determine whether a chemical
substance presents uasenable risk of injury to health or the environment, under the conditions of use,
without consideration of costs or other Aawsk factors, including an unreasonable risk to potentially
exposed or susceptible subpopulations (PESS), identified as retieviaatrisk evaluation. Also, as

required by TSCA § (6)(b), EPA established, by rule, a process to conduct these risk evaluations.
Procedures for Chemical Risk Evaluation l@énthe Amended Toxic Substances Control (@2tFR

33729 (Risk Evaluation Rule)This Draft Supplemental Analysis in conformance with TSCA § 6(b),

and the Risk Evaluation Rule, and is to be used to inform risk management debisamesrdance

with TSCA Sectior(b), if EPA finds unreasonable risk from a chemical substance under dis @

of use in any final risk evaluation, the Agency will propose actions to address those risks within the
timeframe required by TSCA. However, any proposed or final determination that a chemical substance
presents unreasonable risk und8ICA Sectiorb(b) is not the same as a finding that a chemical
substance i s @i mmiTBEASedtigrn/. Thaprebmindrgcanslusions, firdliags, and
determinations in thiBraft Supplemental Analysidocumenwill be integrated intdhe Final Risk

Evaluation for 1,4Dioxanefor the purpose of identifying whether the chemical substance presents
unreasonable risk or no unreasonable risk under the conditions of use, in accordam&CwitBection

6, and are nontended to represent any findings un@8CA Sectiory.

TSCA 8§ 26(h) and (i) require EPA, when conducting risk evaluations, to use scientific information,
technical procedures, measures, methods, protocols, methodologies and models consisteittestth the
available science and to base its decisions on the weight of the scientific evidlenoeet these TSCA

§ 26 science standards, EPA used the TSCA systematic review process described in the Application of
Systematic Review in TSCA Risk Evaluatiormcdment(U.S. EPA, 2018 The data collection, data

evaluation and data integration stages of the systematic review process are used to develop the exposure
fate and hazard assessments for risk evaluations.

Approach
EPA used reasonably available information (defined in 40 CFR 70283 p anfotmatersthafiEPA

possesses, or can reasonably obtain and synthesize for use in risk evaluations, considering the deadlines
for compl é,tniafit-gor-purpaose approadh,uocadévelap & risk evaluatiomthat

relles on the best available science and is based on the weight of the scientific evidence. EPA used

previous analyses as a starting point for identifying key and supporting studies to infexpdbkere,

fate and hazard assessments. EPA also evaluated other studies that were published since these reviews.

EPA reviewed reasonably available information and evaluated the quality of the methods and reporting

I Weight of thescientific evidence means a systematic review method, applied in a manner suited to the nature of the
evidence or decision, that uses a-pstablished protocol to comprehensively, objectively, transparently, and consistently
identify and evaluate each eam of evidence, including strengths, limitations, and relevance of each study and to integrate
evidence as necessary and appropriate based upon strengths, limitations, and relevance.


https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/draft-risk-evaluation-14-dioxane
https://www.gpo.gov/fdsys/pkg/FR-2017-07-20/pdf/2017-14337.pdf
https://www.federalregister.gov/documents/2017/07/20/2017-14337/procedures-for-chemical-risk-evaluation-under-the-amended-toxic-substances-control-act
https://www.federalregister.gov/documents/2017/07/20/2017-14337/procedures-for-chemical-risk-evaluation-under-the-amended-toxic-substances-control-act
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4532281
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of results of the individual studies ugithe evaluation strategies describedpplication of Systematic

Review in TSCA Risk Evaluatiofi$.S. EPA, 2018 To sati sfy TRQAI Semeiniic ) |
a n4D CFR 702.51(e), EPA has provided a list of studies consideregrying out the risk evaluation

and the results of those studasin Appendix Cand several supplemental files.

In the problem formulatioand draft risk evaluatiQrEPA identified the conditions of use and presented
two conceptual models and an analydan. These have beapdated in thiSupplemental Analysis
where EPA has quantitatively evaluated the risk to the environment and human health, using both
monitoring data and modeling approachesnfwconditions of use (identified iection 1.4.12 In

this Draft Supplemental Analysi€PA evaluated the risk to consumers fracute and chronic
exposures td,4-dioxane in consumer produ@s a byproduct., as well as the risk to bystanders from
acute exposures to lcgoxane in consmer products as a byproduct. Theft Supplemental Analysis
also includes an evaluation @éneral population exporesto 1,4dioxane in ambient surface water by
comparing the estimated exposures to acute human health hazards.

Several of the points ofegharture (PODSs) fagvaluating human health risks from acute and chronic
dermal and inhalation exposusere revised in response to peer review and public comment. The PODs
identified through doseesponse analysis in tieaftrisk evaluation are summaed below. These

revised PODs are the basis for risk estimates presented in the risk characterization section.

Risk Characterization

This Draft Supplemental Analysigresents risk estimates for acute dermal and inhalation exptsures
the general populatiaimat may occur from incidental contact with surface water. Calcutagedin of
exposure MIOE) values below the benchmark MOE (300) would indicate a potentiay safecern.
Risks from acute oral exposure through incidental ingestion of surface water are shown # Tahte
risks from acute dermal exposure through swimming in surface water are shown id-Zablas Draft
Supplemental Analysialso presentsuman healttrisk estimates for acute and chronic dermal and
inhalation exposure® consumers and acute dermal and inhalation exposures to bysfaliderag
consumer use of products containing-didxaneas a byproduct

Potentially Exposed or Suscdgé Subpopulations

TSCA A 6(b)(4) requires t hdetermiBePvhetherachtmicatt a r i sk
substance presents an unreasonable risk of injury to health or the environment, without consideration of
cost or other nofrisk factors, includig an unreasonable risk to a potentially exposed or susceptible
subpopulation identified as relevant to the risk evaluation by the Administrator, under the conditions of
use 0 TSCA A ¢ teérdipotedtially éxposes or susceptilsleu b p o p wasfiaat igornodu p o
individuals within the general population identified by the Administrator who, due to either greater
susceptibility or greater exposure, may be at greater risk than the general population of adverse health
effects from exposure to a chemisabstance or mixture, such as infants, children, pregnant women,
workers, or the elderly 0

2EPA did not i de n tie,fircumatanges @ssoeiajeithcaytivitiestieasdo not reflect ongoing or
prospective manufacturing, pr oc e sis.,futugedisposal fram legdcy usds)iph i o n )
dioxane as those terms are descr i bed6, 33r29 @WyRG, 801 hesefore, iy al uat i
such uses or disposals were added to the scope of the risk evalualighdioxanefollowing the issuance of the opinion in

Safer Chemicals, Healthy Families v. EP43 F.3d 397 (9th Cir. 2019EPAdidnotevaeuat e Al egie¢y di spos
di sposals that have already occurred) in the ri S#kfereval ua
Chemicals 943 F.3d 397.


http://hero.epa.gov/index.cfm?action=search.view&reference_id=4532281

149

150 In developing the risk evaluation, the EPA analyzed the reasonably available information to ascertain
151 whether some human receptor groups may have greater expogueater susceptibility than the

152 general population to the hazard posed by a chemical. The results of the reasonably available human
153 health data for all routes of exposure evaluaited fermal and inhalation) indicate that there is no

154 evidence of inaased susceptibility for any single group relative to the general populdtoeyver,

155 there is limited data on reproductive and developmental toxicity and a lack of quantitative information
156 on how genetics, prexisting disease, or other factors may dbnte to increased susceptibilifyor

157 consideration of the most highly exposed graunphis Draft Supplemental AnalysiEPA considered

158 1,4dioxane exposures to be higher amomrgsisumers and bystanders that are exposed through the use
159 of consumer products containing Ad#xane as a byproduas compared to the general population

160 based on greater exposure

161

162 Unreasonable Risk Determination

163 This Draft SupplementaAnalysis to théraft Risk Evaluation for 1,4Dioxane presentdraft

164 unreasoablerisk determinations for eight consumer conditions of Uités document also presents

165 draft unreasonable risk determinagdar all conditions of uséor the general populatiofthis draft

166 unreasonable risk determination for the general populat@ades the consumer conditions of use in

167 this Draft SupplementaAnalysis as well as the conditions of use presented iDrie Risk Evaluation.

168

169 Unreasonable Risks of Injury to Health P A draft determination of unreasonable risk for specific

170 conditions of use of 1;dioxane listed below are based on health risks to consumers, bystandéns,

171 general populatior-or acuteexposures to consumers and bystandeiPA\ evaluated unreasonable risks
172 for adverse noitancer effects based on liver toxicifor chronic exposures to consumers and

173 bystanders, EPAvaluated unreasonable risks of cancer.

174

175 Unreasonable Risk of Injury to Health of the General PopulatigkDioxaneexposures to the general

176 population may occur from the conditions of use due to releases to air, water @uand.the course

177  of the risk evaluation process for 4dbxane, EPA worked closely with the offices within EPA that

178 administer and implement regulatory programsder he Clean Air Act (CAA), the Safe Drinking

179 Water Act (SDWA), the Clean Water Act (CWAhe Resource Conservation and Recovery Act

180 (RCRA), and the Comprehensive Environmental Response, Compensation, and Liability Act

181 (CERCLA). EPA believes it is both reasonable and prudent to tailor TSCA risk evaluations when other
182 EPA offices have expertise and experience to address specific environmental media, rather than attempt
183 to evaluate and regulate potential exposures and risks fr@a thedia under TSCA. EPA believes that
184 coordinated action on exposure pathways and risks addressed by othadiEPWstered statutes and

185 regulatory programs is consistent with the statutory text and legislative history, particularly as they
186 pertaintoTS@6s functifodlasngad gagute, and al so furtt
187 Agency resources, avoid duplicating efforts taken pursuant to other Agency programs, and meet the
188 statutory deadlines for completing risk evaluations. EPA has thetafted the scope of the risk

189 evaluation forl,4-dioxaneusing authorities in TSC&ections 6(b) and 9(b)(1EPA did not evaluate

190 unreasonable risto the general populatidnom ambient air, drinking water, and sediment pathways for
191 any conditions of wsin this risk evaluation, arttie draftunreasonablesk determinatios do not

192 account for exposures the general populatioinom ambient air, drinking water, and sediment

193 pathways

194

195 As part of thidDraft Supplemental Analysj&PA evaluated acute artronic incidental exposures via

196 oral and dermal routes from recreational swimmimgmbient wateandpreliminarily determined that

197 this activity preseng no unreasonable risk to the general population from all conditions of use. In
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addition, because ldioxane has low bioaccumulation potential, EPA prasiminarily determined that
fish consumption does not present an unreasonable risk to the genetatipofrom any of the
conditions of use.

Unreasonable Risk of Injury to Health of Consumé&r4-Dioxanemay be found as a contaminant in
consumer productst is present as a result loyproductformation during manufacture of ethoxylated
chemicals thiaare subsequently formulated into produbiighe draft risk evaluatioriz PA did not

evaluate exposures to consumers and bystanders from byproduct or contaminant exqasineng

t hat EPAG6s 1 nt e baddioxame bypmduct and cootaramsisedh éhescope of any

risk evaluation of ethoxylated chemicals response to peer review and public comments, irdtiai$
Supplemental Analysj£PA e/aluatedeight consumer uses of products that contairdig#ane as a
contaminanto preliminarilyd et er mi ne 1 f there was wunreasonabl e
For each of the eight uses, EPA evaluatedcancer effects to consumers from acute inhalation and
dermal exposure&or four of the products, based on the exposuresassent, EPA also evaluated

cancer risks to consumers from chronic inhalation and dermal exposures.ul | descri pti o
draftunreasonable risk determination for each condition of use is in Séction

Unreasonable Risk of Injury tdealth ofBystanders (from consumer useBgcause this supplemental
evaluation includes an evaluation of hazards and exposures for condaR®&®yaluatedhazards and
exposures for bystanders to consumer uses. Specifie&lly,evaluateshon-cancer effects to bystanders

from acute inhalation exposurgem eight consumer uses of products that contairdigdane as a

contaminant t@reliminarilyd et er mi ne 1 f there was wunreasonabl e
EPA did not estimate chronic inhalation exposures to bystamaemusdystanders would be exposed

to |l ower | evels than the user based on the mode
use EPA alsodid not evaluate nenancer effects from dermexposures to bystanders because

bystanders are not dermally exposed tbdioxaneA f u | | d e s c rdiafpubréasonablerisk E P A ¢
determination for each condition of use is in Sechion

Based on th®raft Supplemental Analysj€£PA hagreliminarily determined that the following
conditions of use of 1;dioxane do not present an unreasonable risk of injury to health or the
environmentThe details of these determinations are in Section 5.2.

Conditions of Use that Do Not Present an kieasonable Risk

1 Consumer use: Arts, crafts, and hobby matetidlextile dye

Consumer use: Automotive care productntifreeze

Consumer use: Cleaning and furniture care produBisrface cleaner
Consumer use: Laundry and dishwashing produ€ish soap

Consumer use: Laundry and dishwashing produ€ishwasher detergent
Consumer use: Laundry and dishwashing produtisundry detergent
Consumer use: Paints and coatindzaint and floor lacquer
Consumeuse: Other usesSpray polyurethane foam

=A =4 -4 4 8 -8 9
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1 INTRODUCTION

This document preseraDraft Supplemental Analysi® the Draft Risk Evaluation that witle

incorporated into th€inal Risk Evaluation for 14bioxaneunder the Frank R. Lautenberg Chemical

Safety for the 21st Century Act. The Frank R. tesbberg Chemical Safety for the 21st Century Act
amended the Toxic Substances Control Act, the N
2016.In this Draft Supplemental Analysj€PA evaluated the risk tonsumersnd bystanderfsom
1,4-dioxanein consumer products, and the general population exposeddmkahe in ambient surface

water bycomparing the estimated exposures to acute and chronic humanhaealttis

The Agency published the Scope of the Risk Evaluation fedibXane(EPA, 2017 in June 2017, and

the problem formulation in June, 20@BPA, 2018h, which represented the analytical phase of risk
evaluation in which fithe purpose for the fa@assess
analyzing and char act er i zin&egtiorr2i2efkhe Framewoetfoe r mi n e d
Human Health Risk Assessment to Inform Decision MaKiige EPA received comments on the

published problem formulation and draft risk evaluation fordlgkane and has considered the

comments specifictoldi oxane, as wel | as more general ¢ omi
evaluation approach for developing the risk evaluations for the first 10 chemicals the EPA is evaluating.

This Draft Supplenental Analysisilocument is structured such thia¢ Introduction presents a

background on uses, conditions of use and conceptual models, with emphasis on any changes since the
publication of the draft risk evaluation. This section also includes a disousdioe systematic review

process utilized in thiSupplemental Analysi§heexposures section provides a discussion and analysis

of the human exposures expected based on the conditions of usedmxhdeevaluated in thi®raft
Supplemental Analysi§hehazard sectiorsummarizes the human health hazards ofliggane.The

risk characterizatiosectionintegrates and assesses reasonably available information on human health
hazards and exposures, as required by TSCA (15 U.S.C 2605(b)(#n&d)sk determination sectiaa

included in which the agency presents thraft determinatios of whether risk posed by the chemical
substanceinder the conditions of usg unreasonable as required under TSCAU.S.C. 2605(b)(3)

EPA is providing the opgrtunity for public comment on thBraft Supplemental Analysi® theDraft

Risk Evaluation for 1 Dioxane The final risk evaluation may change in response to public comments
received and/or in response to peeia@ on the draft risk evaluatioms well asn response to public
comments receivedn thisDraft Supplemental Analysig hedraft supplemental analysis is not being
peer reviewed for the sake of expediency to finalize the first ten risk evaludti@isPA will respond

to public and peer review comments received on the ds&fevaluatiorandfurther public comments
received on tis Draft SupplementaAnalysiswhen it issues the final risk evaluation.

1.1 Scope of thisDraft SupplementalAnalysis to theDraft Risk
Evaluation

This document presents updated sections obthé& Risk Evaluation for 14Dioxane appendices, and
supplemental files that have bedsvelopedased on additional COUs fbr4-dioxane as ayproduct in
consumer product$n addition the documenpresent anexposure analysis to the general population
from recreational activities.€., swimming) in ambient/surface water.



http://hero.epa.gov/index.cfm?action=search.view&reference_id=4121168
http://hero.epa.gov/index.cfm?action=search.view&reference_id=5085559
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/draft-risk-evaluation-14-dioxane
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/draft-risk-evaluation-14-dioxane
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/draft-risk-evaluation-14-dioxane
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1.1.1 Conditions of Uselncluded in the SupplementalAnalysis to theDraft Risk
Evaluation

TSCA (15 U.S.C. § 2602(4)) definBsonditions ofustas 6 6t he circumstances,
Administrator, under which a chemical substance is intended, known, or reasonably foreseen to be
manufactured, procesd, di stri buted i n commerce, used, ofr
described below in Table 1.

As explained in the scope document for-didxane, EPA anticipates the production of-didxane as a
byproduct from ethoxylation of other chem&and presence as a contaminant in industrial, commercial
and consumer products. In particular,-didxane may be produced as a reaction byproduct in chemicals
produced through ethoxylation, including alkyl ether sulphates (AES, anionic surfactantf)eand o
ethoxylated substances, such as alkyl, alkylphenol and fatty amine ethoxylates; polyethylene glycols and
their esters; and sorbitan ester ethoxylatesDlggane may also be present at residual concentrations in
commercial and consumer products tt@itain ethoxylated chemicals. Examples of products

potentially containing 14lioxane as a residual contaminant are paints, coatings, lacquers, ethylene
glycol-based antifreeze coolants, spray polyurethane foam, household detergents, cosmetics/toiletries,
textile dyes, foods, agricultural and veterinary prod@&isSSDR, 2012 Canada, 203,(FDA, 2007

ECJRC, 200y In theDraft Risk Evaluation for 14Dioxane the manufacture of 1;dioxane as a

byproduct from ethoxylation of other chemicals, use and disposal-oidxdne at residual

concentrations in industrial, commercial and consumer products containing ethoxEtedatswere

excluded from the scope of the risk evaluatiorresponse to peer review and public comments, in this
Draft Supplemental Analysis, EPA evaluated eight consumer uses of products that corderané

as a contaminant to determine iftherae s unr easonabl e riarkd ody stngruder
health. For each of the eight uses, EPA evaluateecancer effects to consumers from acute inhalation

and dermal exposures. For four of the products, based on the exposure assessmerd, BN atisd

cancer risks to consumers from chronic inhalation and dermal exposures.

In thedraft risk evaluationgeneral population exposures were not evaluated for any condition of use.
The exposures to general population via drinking water, ambieam@isediment pathways fall under

the jurisdiction of other environmental statutes administered by E2ACAA, SDWA, CERCLA, and
RCRA. EPA believes it is both reasonable and prudent to tailor TSCA risk evaluations when other EPA
offices have expertise and experience to address specific environmental media, rather than attempt to
evaluate and regulate potential exposures and fiskn those media under TSCAowever, because

there isno nationally recommended Ambient Water Quality Criteria under the CE¥PA included
exposures to the general population via ambient surface wabes supplemental analysisPA did

evaluate hazds or exposures to the general populatiom ambient surface watésr the conditions of

use inthe draft risk evaluatio(see Table ), and thedraft unreasonable risk determinations for

relevant conditions of use account for exposures to the ggrmgrallationvia surface watefEPA,

2018h.

Table1-1 includes the additional conditions of use included in this supplemental analysis covering
consumer exposure pathways for products containingithy@ne as a byproduct.


http://hero.epa.gov/index.cfm?action=search.view&reference_id=1787229
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3809085
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3809083
http://hero.epa.gov/index.cfm?action=search.view&reference_id=196351
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/draft-risk-evaluation-14-dioxane
http://hero.epa.gov/index.cfm?action=search.view&reference_id=5085559
http://hero.epa.gov/index.cfm?action=search.view&reference_id=5085559

318 Table 1-1 Additional Categories and Subcategories of Conditions of Use Included in the
319 Supplemental Analysis to the Draft Risk Evaluation

320
321
322
323
324
325
326
327
328

329

330
331
332
333
334
335

Life Cycle Stage

Category

Subcategory

References

Consumer uses

Paints and Coatings

1.

Latex Wall Paint oFloor
Lacquer

TSCA Work Plan

Chemical Problem

Cleaning and Furnitur
Care Products

SurfaceCleaner

Formulation and

Initial Assessment:

Laundry and
Dishwashing Product:

Dish Soap
Dishwasher Detergent
Laundry Detergent

1.,4-Dioxane (CASRN

12391-1) (2019

Arts, Crafts and Hobb
Materials

o akw

Textile Dye

Automotive Care
Products

Antifreeze

Other Consumer Use!

8.

Spray Polyurethane Foa

(SPF)

The draft risk evaluation included worker and ONU exposures for Occupational Exposure Scenarios
(OES) but did not include associated environmental releases to surface water, which are included in this

supplemental analysis for the OES in Tab{& Theseealeases to surface water are used in the

evaluation of general population exposures via the ambient water pathway and reflect additional

pathways of exposure for conditions of use that were presented in the Draft Risk Evaluation.

Table 1-2 Existing Condtions of Use Included in the Supplemental Analysis to the Draft Risk
Evaluation to Evaluate Additional Pathways of Exposure

OES

References

Manufacturing

Draft Risk Evaluation for 14

Import and Repackaging

Dioxane

Recycling

Industrial Uses

Functional Fluids (Opeystem)

Laboratory Chemical Use

Film Cement

Spray Foam Application

Printing Inks (3D)

Dry Film Lubricant

Disposal

1.1.2 Conceptual Models

The conceptual models for thdsaft supplementadnalysis to the draft risk evaluatiane shown in

Figure 1 andFigurel-2. EPA considered the potential foazardso consumer$rom inhalation and
dermal routs andto bystanders frontheinhalationroutevia use of household products containing-1,4

dioxane as a byproduahd hazards fronmcidentalexposure tahegeneral population vieeleases to
ambient wateas shown in the conceptual models.
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Paints and Coatings
e.g. Latex Wall Paint or Floor
Lacquer

Cleaning and Furniture Care
Products

Dermal

e.g. Surface Cleaner
Hazards Potentially
Associated
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Laundry and Dishwashing ith Acute and/or Chroni
wi cute and/or Chronic

Products
e.g. Dish Soap, Dishwasher / Exposures
Detergent, Laundry Detergent Vapor/Mist | X . J Bystanders

Arts, Crafts and Hobby

Materials
e.g. Textile Dye

Automotive Care Products KEY:
e.g. Antifreeze

Pathways and receptors that were not
further analyzed

Pathways that were not further analyzed.
Pathways that were not further analyzed.

Other Consumer Uses N
e.g. Spray Polyurethane Foam,
Antifreeze

Figure 1-1 1,4-Dioxane Conceptual Model for Consumer Activities and Uses: Consumer
Exposures and Hazards

The conceptual model presents the exposure pathways, exposure routes and hazards to human
receptors from consumer activities and usfek,4-dioxane in tie draftrisk evaluatiorand this
supplemental analysis to the draft risk evaluation

2 Receptors inclde potentially exposed or susceptible subpopulations.
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RELEASES AND WASTES FROM EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS HAZARDS
INDUSTRIAL / COMMERCIAL USES

Industrial Pre- Hazards Potentially
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! and Chronic Exposures

Wastewater or
Liquid Wastes @

Incidental Oral,
Dermal

Soil

Hazards Potentially
Associated with Acute
Exposures

Figure 1-2. 1,4Dioxane Conceptual Model for Environmental Releases and Wastes:
Potential Exposures and Hazards

The conceptual model presents the exposure pathwayasuge routes and hazards to human
and environmental receptors from environmental releases and wasteslioixhddein the draft
risk evaluatiorand this supplementahalysis to the drafisk evaluation

2 Industrial wastewater or liquid wastes could be treatesiterand then released to surface
water (direct discharge), or peeated and released to POTW (indirect discharge)

1.2 Systematic Review

TSCA requires EPA to use scientific information, technicatedures, measures, methods, protocols,
methodologies and models consistent with the best available science and base decisions on the weight o
the scientific evidence. Within the TSCA risk evaluation context, the weight of the scientific evidence is
def i n e asystemati€ireview method, applied in a manner suited to the nature of the evidence or
decision, that uses a pestablished protocol to comprehensively, objectively, transparently, and
consistently identify and evaluate each stream of evidemdading strengths, limitations, and

relevance of each study and to integrate evidence as necessary and appropriate based upon strengths,
limitations, and relevance ( 40 C. F. R. 702.33) .

To meet the TSCA § 26(h) science standards, EPAtheetSCA systematic review process described

in theApplication of Systematic Review in TSCA Risk Evaluationemen{U.S. EPA, 2018 The

process complements the risk evaluation process in that the data collection, data evaluation and data
integration stages of the systematic review process are used to develop the exposure and hazard
assessments based on reasonably available informatoEPA def i nes fAreasonabl
to mean information that EPA possesses, or can reasonably obtain and synthesize for use in risk
evaluations, considering the deadlines for completing the evalydtic@FR 702.38

EPA is implementing sysmatic review methods and approaches within the regulatory context of the
amended TSCA. Although EPi& adoping as many best practices as practicable from the systematic
review community, EPA expects modifications to the process to ensure that thigcateorti screening,
evaluation and integration of data and information can support timely regulatory decision making under
the aggressive timelines of the statute.
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1.2.1 Data and Information Collection
For the risk evaluatiorEPA planned and conducted a contyaasive literature search based on
chemical descriptors arkey words related to the different disciplispecific evidence supporting the
risk evaluation€.g.,environmental fate and transport; engineering releases and occupational exposure;
exposure t@eneral population, consumers and environmental exposure; and environmental and human
health hazard). EPA then developed and applied inclusion and exclusion criteria during the title and
abstract screening to identify information potentially relevantiferisk evaluation process. The
literature and screening strategysaecifically applied to 14lioxane is described the Strategy for
Conducting Literature Searches for fhoxane: Supplemental File for the TSCA Scope Docuaraht
the results of thatte and abstract screening process were publishéee 1, 4Dioxane (CASRN 123
91-1) Bibliography: Supplemental File for the TSCA Scope Docutheit EPA, 2017 EPA
subsequently conducted fu#xt screening usinigiclusion/exclusion criteria withipopulation,
exposure, comparator, outcome (PECO) or similar statertieitare included in Appendix F of
Problem Formulation of the Risk Evaluation for-Dibxane(EPA, 2018}.

For the current supplemental analysA performed masupplementditerature searcbf peer
databaseto identify studies related to consumer exposdRA conducted a nesomprehensive
literature searcbf peer databasémsed orthemical name and CAS relatedetqposure to general
population, consumers and environmental expo&tPA filtered thenewliterature search results of 1,4
dioxane for consumer specific references uSitrgctured Query Languag8@L) queryingshown in
Tablel-2.

Table 1-2 Categorical Term Sets used in SQL Querying for 1 4ioxane Supplemental Gnsumer
Analysis
carpet|Drapery|curtainjupholstery|furniture|rug|Suede|cleaner|leather|water proofing|starch

anti-static|candle|matches|bleach|laundry|detergent|insect repellent|litter| Charcoal|briquettes|lighter fluid|Drain
cleaner|Dishwasher|dishwashing|dishes|soap¢Fabr

dye|softener|Oven cleaner|home|pet|collar|Fertilizer|garden|Fire extinguisher|floor|metal|silver|Food packaging|p:
food

deodorizer|freshener|disinfectant|spot remover|stain remover|Scouring pad|Toilet|Herbicide|patio|Water treatmen
chemicals|lsecticide|swimming pool|Paintjvarnish|remover|thinner|interior|spray|house
exterior|polyurethane|stain|Ceiling|tile|patching|plaster|caulk|sealer|filler|Dry
wall|Roofing|Refinishing|wall|wallpaper|insulationjautomobile|car|truck|cycle|van

Antifreeze|Motor oil|Radiator|additives|Automotive paint|Gasoline|diesel
fuellvehicle|Windshield|washer|Clothes|clothing|shoe|Sheets|towels|diaper|games|toys|chew|ingest|jewelry|color]
rintlnewspaper|photograph|consumer|emission
Categorical ternsets were derived from the Exposure Factors Handbook. This included Household Furnishings, C
Conditioning Products, Household Maintenance Products, Home Building & Improvement Products, Aut&alzibdd
Products, and Personal Materials. Cosmetiaqgiéyne Productsinsecticide, food packagirtgrminology was excluded fo
the purposes of this assessmgert TSCA section 3(2)

Next, a machine learning model was employed to rank how similar the filtered references were to a pre
determined set of consumer references (positive seeds), and how unsimilar the filtered references were
to a predetermined set of neconsumer referencésegative seeds). References that ranked above a
relevancy cubff (0.4 for references with abstracts, 0.1 for references with just titles) were included for
data screening. These approaches reduced the number of references from 21,37hex@38ed

literature flow diagram (Table 3) includes the additional SQL querying and machine learning steps that
were used for the consumer assessment.

In addition to thepeer databassearch EPAutilized previous assessmerasd performe@n additional
gray literature search for the supplemental consumer analysis. Previous assdbsitvesits identified
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in support of the developmentB&fP A 6 s TSCA Wbrk Plan Chemical Problem Formulation and
Initial Assessment of 1:-Bioxane(U.S. EPA, 201} were screened and éwated for use in the
supplemental consumer assessnERA conducte@n additionatonsumer gray literature search to
identify references with consumer information related tedigkane Previous assessments and results
of theadditionalgray literaturesearch for consumer uses resulted in 34 data soUitersevised
literature flow diagram (Table 3) includes the previous assessraem&|l as the additiongray
literature results that were used for the consumer assessment.

The239 references as a result of the machine learning efforts and the 34 references from previous
assessments atite additionalgray literaturesearch underwematascreening. These sources are listed
in the SupplementalAnalysis Fle [ Consumer Referencddata Screeninlg

For the consumer supplemental analysis, EPA modified thesinaland exclusion criterifor title and
abstract screeninand full text screenintp identify consumeinformation potentially relevant for the
risk evaluation proces3herevised PECGUs presented iffablel1-3.

Table 1-3 PECO Statement 1,4Dioxane ConsumerExposure Assessment (September 2020)
PECO Element Evidence

Human: Consumers and bystandenscluding childrenTargeted human population groups
Population may be exposed to 1;dlixoane.

Ecological: None.

Expected Primary Exposure Sources, Pathways, Routes

Source:Consumeruse ofproducts containing 1,4 dioxane abyproductand associateair
Exposure emissions and dermal contact

Pathway:ndoor air contact with products.

Routes Indoor (inhalation)dermal(contact with products)

Human: Consider use/source specific exposure scenarios as well as which receptors are an
Comparator reasonably exposed across the projected exposure scenarios.
(Scenario)

Ecological: None.

Qutcomes for Human: A wide range of effects following acute and chronic exposure doses mg/kg/day and

EXxposure concentrations mg/fn
Concentration or
Dose Ecological: None.

The results of thdata screening efforts resulted in 37 references that were skaiatevaluationand
17 referencethat wereevaluated qualitativelyThe results of the data evaluation er@uded in the
Supplemental Analysis Fil®gata Quality Evaluation on Dat8ourceson Consumer anBnvironmental
Exposur¢and the list ofefererces evaluated qualitatively arecluded in the Supplemental Analysis
File [Consumer References, Data ScreehiRgllowing data evaluatior80 references were sent
forward fordata extraction/integratioithe process is depicted belowHigure1-3.
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Raw Literature Search Results —_— Patents (n = 20,865)
n =85,379 ) !

L (n =85,379) ) Duplicates (n = 43,141)
s '

Literature Search Results (n = 21,373) |[———— ”"“';g’ﬂsq“lf;f; [ﬁ'ﬁf;;‘;@;m'"
.\ "

h 4

' '

Consumer Search Results after SQL | ———__s.| Non-consumer references from

Query (n =8,077) Machine Learning

X l J (n=7,838)

-

Consumer Search Results after Machine Gray literature and previous - _

[ Leaming (n =239) ] [ assessments (n =34) } Initial Data Search Results (n =272) ]
L

J J

Excluded References (n = 481)
Data Screening (n = 545) ——» Qualitative References (n = 17)
1 Duplicates (n=10)

[ Data Evaluation (n = 37) J—) *Excluded References (n=7)
Unacceptable based on data evaluation criteria (n = 0)
Not primary source, not extractable or
not most relevant (n=7)

[Data Extraction/Data Integration (n = SD}J

*The guality of data in these sources were acceptable for risk assessment purposes and considered for
integration. The sources; however, were not extracted for a variety of reasons, such as they contained only
secondary source data, duplicate data, or non-extractable data (i.e., charts or figures). Additionally, some
data sources were not as relevant to the PECO as other data sources which were extracted.

Figure 1-3 Literature Flow Diagram for General Population, Consumer and

Environmental Exposure Data Sources

In support of this evaluation, EPA undertook an additioaalliterature searckn=85,379)o

identify, screen, and evaluate literature relevant for a consumer exposure assessment of 1,4
dioxane.Deduplication, SQL querying, and machine learning were @yegl to reduce the

number of references for data screenifige ConsumeBupplementabearch Results after

Machine Learning (n=239) and the gray literature and previous assessments (n=34) represent the
additional sources that were considered for the coassapplemental analysis, wheréas

initial data search resul{e=272)refer to the references that weansideredn thedraft risk

evaluation
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2 EXPOSURES

2.1 Environmental Releases

Releases to the environment from conditions of asg, {ndustrial and commercial processes) are one
component of potential exposure and may be derived from reported data that are obtained through direct
measurement, calculations based on empirical data and/or assumptions and models.

Under the Emergency &ining and Community Righo-Know Act (EPCRA) Section 313, tdioxane

has been a Toxics Release Inventory (FiflRportable substance since 1987. The TRI database includes
information on disposal and other releases ofdlg#ane to air, water, and larnd,addition to how it is
being managed through recycling, treatment, and burning for energy recovery.

2.1.1 Environmental Releases to Water
EPA categorized the conditions of use (COUSs) listeé8ldation 1.4.1Into 12 Occupational Exposure
Scenarios (OES). Faach OES, a daily wateglease was estimated based on annual releases, release
days, and the number of facilitigSigure2-1). In this section, EPA describes its approach and
methodology for estimating daily water releases, and for each OES provides a summary of release days,
number of facilities, and daily water releas€alfle2-1).

OES
Daily Release
Estimate
Annual Release Number of
Releases Days Facilities
TRI, DMR, ESD, ESD, GS, ERCRRADME:
; Census, ESD,
GS Assumptions GS*

Figure 2-1. An Overview of How EPA Estimated Daily Water Releases for Each OES
* TRI: Toxics Release Inventory; DMR: Discharge Monitoring Report; EISBission Scenario Document; GS: Generic
Scenario

2.1.1.1 Results for Daily Release Estimate
EPA combined its estimates for annual releases, release days, and number of facilities to estimate a
range for daily water releases for each OES. A summary of these eamges facilities is presented in
Table2-1. Theexamples of certain OES where water releases are not expected follows.
Laboratory Uses: EPA expects that releases of-tljdxane from laboratory uses are to air (through
volatile releases into the indoor laboratory air and/or through laboratory fume hoods to atmospheric
air) and liquid wastes of 1.dioxane are handled as hazardous wasté. &pects commercial and
university laboratories to handle their wastes as hazardous waste and not discharge wastes to POTW
via pouring the wastes down the drain.
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Printing Inks (3D): EPA does not expect water releases from 3D printing ink uses. EPA expects

spent printing ink containers, shavings or fragments, or waste scraps to be disposed of as solid waste.
There is some uncertainty as to whether and how muetlidxdne may remain in 3D printed
products and waste scraps. However, due to the volatilitydafioxane, EPA expects tdloxane

to evaporate from any printed object, shavings or fragments, or other printed material deposited to

the floor or work surface prior to it being cleaned and disposed of as solid waste.

Film Cement: EPA assessed maastewater discharges for this OES. EPA expects the small glue

bottles to be disposed of as solid waste without rinsing them in a sink. There is some uncertainty as
to whether and how much 1gdoxane may remain in the small glue bottles when disposed.
However, due to the small quantities of the glue and high volatility of thdidx@ne, EPA expects
any residual 1 4lioxane to evaporate to the air or remain in the solid waste stream.

Table2-1.Summary of EPAOYS elmiel EsWatmarnr eRe f or Each
Confidence in these Estimates
Estimated Daily Release
. Range Release
Cogalmalooe | aossStes | paysper | folase | Ol | ot
(kg/site-day) Year
Minimum Maximum
' Surface Estimates based
Manufacturing 0 2.48 250 Water M on TRl and DMR
data.
Estimates based
Import and Repackaging 0 0 0 N/A M on TRI and DMR
data.
EPA evaluated
. recycling as part
Recycling ) ) ) ) ) of the industrial
uses OES.
Surface
FY\éa_IE(\e/{/’ Estimates based
Industrial Uses 0 67.7 250 and Nor,a M on TRl and DMR
Public data.
WWT
EPA estimates
releases for threg
sites reported in
DMR and for
additional,
unknownsites
. . Surface not captured in
g;gg'r?];‘a' Fluids (Open 9.92E4 3.79E2 247 | Water and M DMR or TRI
POTW using the
Emission
Scenario
Document on the
Use of
Metalworking
Fluids.
1,4-Dioxane
Laboratory Chemical Use N/A N/A N/A N/A H COUI.d_ be releasec
to air; and wastes
disposed of as

OE
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Estimated Daily Release

. — Range Release | o, Overall
ccupational Exposure Across Sites Days per elease vera Notes
Scenario (OES) (kg/site-day) Year Media Confidence

Minimum Maximum

hazardous waste
for this OES.
EPA expects
releases of 14
dioxane to be to
Film Cement N/A N/A N/A N/A H air and wastes
disposed of as
solid waste for
this OES.
Modeled using
the Application

Surface of Spray
Spray Foam Application 3.59E3 260 Water or M Polyurethane
POTW Foaminsulation
Generic
Scenario.
EPA expects

releases of 14
dioxane to be to
Printing Inks (3D) N/A N/A N/A N/A H air and wastes
disposed of as
solid waste for
this OES.
Based on
conversations
with theonly
known user, EPA
expects wastes t(
be drummed and
sent to a waste
handler with
residual wastes
releasing to air of
being disposed tc
landfill.

Estimates based
Surface

Disposal 0 0.12 250 M on TRI and DMR
Water data

Dry Film Lubricant N/A N/A N/A N/A H

N/A: Not applicable. EPA does not expect-tljdxane releases to water from this OES.
POTW = Publicly owned treatment works
WWT = wastewater treatment

2.1.1.2 Approach and Methodology

2.1.1.2.1 Water Release Estimates
Where available, EPA used 2018 TRLS. EPA, 2017cand 2018 DMRU.S. EPA, 201pdata to
provide a basis for estimating releases. Facilities are only required to report to TRI if the facility has 10
or more fulltime employees, is included in an applicable NAICS code, and manufactures, pramesses
uses the chemical in quantities greater than a certain threshold (25,000 pounds for manufacturers and
processors of 1;dioxane and 10,000 pounds for users ofdigkane). Due to these limitations, some
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sites that manufacture, process, or usedigdane may not report to TRI and are therefore not included
in these datasets.

For the 2018 Discharge Monitoring Report (DMR)S. EPA, 2015 EPA used the Water Pollutant
Loading Tool within BRaAcé HistagyrOhlioe (ECH@®)domqueryalhidt Co m
dioxane point source water discharges in 2018. DMR data are submitted by National Pollutant
Discharge Elimination System (NPDES) permit holders to states or directly to the EPA according to the
monitoringrequ r e ment s of the facilityo6s permit. State
into DMR and may or may not load minor discharger data. The definition of major versus minor
discharger is set by each state and could be based on discharge vdiacilgyosize. Due to these

limitations, some sites that discharge-@idxane may not be included in the DMR dataset.

Where releases are expected but TRI and DMR data wereasmnablyvailable or where EPA
determined TRI and DMR data did not suféictly represent releases of -tibxane to water for a
condition of use, releases were estimated using data from literature, relevant Emission Scenario
Documents (ESDs), and Generic Scenarios (GSs).

2.1.1.2.2 Estimates of Number of Facilities
Where available, EPA edl 2018 TRI(U.S. EPA, 2017); and 2018 DMRU.S. EPA, 201)pdata to
provide a basis to estimate the number of sites usindidxne within a condition of use. Generally,
information for reporting sites in CDR was sufficient to accuratelychaeac i ze each repor
condition of use. However, information for determining the condition of use for reporting sites in TRI
and DMR is typically more limited.

In TRI, sites submitting a Form R indicate whether they perform a variety of actreitsd to the

chemical, including, but not limited to whether they: produce the chemical; import the chemical; use the
chemical as a reactant; use the chemical as a chemical processing aid; and ancillary or other use. In TR,
sites submitting Form A areohrequired to designate an activity. For both Form R and Form A, TRI

sites are also required to report the primary North American Industry Classification System (NAICS)

code for their site. For each TRI site, EPA used the reported primary NAICS codgiaityl iadicators

to determine the condition of use at the site. For instances where EPA could not definitively determine
the condition of use because: 1) the reported NAICS codes could include multiple conditions of use; 2)
the site reported multiple agities; and/or 3) the site did not report activities due to submitting a Form

A, EPA made an assumption on the condition of use to avoid double counting the site. For these sites,
EPA supplemented the NAICS code and activity information with informatan €ompany websites,
satellite images, and industry data to deter min

Il n DMR, the only information reported on condi't
Classification (SIC) code. EPA could notde r mi ne each reporting sitebs
code alone; therefore, EPA supplemented the SIC code information with the same supplementary
information used for the TRI.

Where the number of sites could not be determined using CDR/TRI/DMReyewthese data sources

were determined to insufficiently capture the number of sites within a condition of use, EPA

supplemented the available data with U.S. economic data using the following method:

1 Identify the North American Industry Classification & (NAICS) codes for the industry sectors
associated with these uses.

T Esti mate total number of sites usingWShe U. S.
Census Bureau, 20} 8ata on total establishments byligit NAICS.
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1 Review available ESDs and GSs for established facility estimates for each occupational exposure

scenario.

1 Combine the data generated in&téd through 3 to produce an estimate of the number of sites using
1,4-dioxane in each-@igit NAICS code, and sum across all applicable NAICS codes for the
condition of use, augmenting as needed with data from the ESDs and GSs, to arrive at a total
estimde of the number of sites within the condition of use.

Table2-2Summary of EPAG6s Estimates for the
Occupational Exposure Number of
Scenario (OES) Facilities Notes

Manufacturing 2 Based orCDR and TRI reporting (see Appendix G.6.1)

Import and Repackaging 3t018 Based on TRI and CDR reporting (see Appendix G.6.2

Recycling - Evaluated as a part of Industrial Uses.

Industrial Uses 24 Based on TRl and DMRata(see Appendix G.6.3)

Functional Fluids (Opeystem) 89,000 Based on TRI reporting and bounding estimate from th
2011 OECDEmission Scenario Document on the Use o
Metalworking Fluidgsee Appendix G.6.4)

Laboratory Chemicals 6,844 Bounding estimate based on CDR, &h&. Census
Bureau data for NAICS code 541380, Testing Laborato
(see Appendix G.6.5)

Film Cement 211 Bounding estimate based on U.S. Census Bureau data
NAICS code 512199, Other Motion Picture and Video
Industries (see Appendix G.6.6)

Spray Foam Aplication 1,553,559 | Bounding estimate based on U.S. Census Bureau data
NAICS code 238310, Drywall and Insulation Contracto
and the 2018 EPA generic scenakiaplication of Spray
Polyurethane Foam Insulatiagisee Appendix G.6.7)

Printing Inks(3D) 10,767 Bounding estimate based on U.S. Census Bureau data
NAICS code 339113, Surgical Appliance and Supplies
Manufacturing (see Appendix G.6.8)

Dry Film Lubricant 8 Based on conversations with the Kansas City National
Security Campusyhich isamanufacturer and user (see
Appendix G.6.9)

Disposal 14 Based on TRI and DMRata(see Appendix G.6.10)

2.1.1.2.3 Estimates of Release Days

EPA referenced Emission Scenario Documents (ESDs) or needed to make assumptions when estimating
release days for each OES. A summary along with a brief explanation is presé@rabti&3 below.

Table2-3.Summar y

of

EPAOGS

Esti mates for Rel

ease

Occupational Exposure
Scenario (OES)

Release Days

Notes

Manufacturing 250 Assumed five days peveek and 50 weeks per year with
two weeks per year for shutdown activities.

Import and Repackaging 250 Assumed five days per week and 50 weeks per year w
two weeks per year for shutdown activities.

Recycling - Evaluated as a part of Industrial Uses.

Industrial Uses 250 Assumed five days per week and 50 weeks per year w
two weeks per year for shutdown activities.

Functional Fluids (Opefsystem) 247 2011 OECDEmission Scenario Document on the Use 0
Metalworking Fluids

Laboratory Chemicals 250 Asaumed five days per week and 50 weeks per year wi

two weeks per year for shutdown activities.

Number

Day
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Occupational Exposure
Scenario (OES) Release Days Notes

Film Cement 250 Assumed five days per week and 50 weeks per year w
two weeks per year for shutdown activities.

Spray Foam Application 260 Based on the 201BPA generic scenari@pplication of
Spray Polyurethane Foam Insulaticstimated average ¢
3 days spent/year at each work site.

Printing Inks (3D) 250 Assumed five days per week and 50 weeks per year w
two weeks per year for shutdowaativities.

Dry Film Lubricant 56 Facility provided dry film lubricant manufacture and
application frequency.

Disposal 250 Assumed 5 days per week and 50 weeks per year.

Table2-4 shows site-specificl,4-dioxane releasessper2018 TRI and DMRJocumentsFor each
Occupational Exposure Scenario (OEfBnual releases, releasedig the type of water body, and
water usare alsdabulatedThesereleases were reported to the 2018 TRI or DeiRIthese data
represent a snapshot in tingeveral reported wateeleases to TRI and DMR are estimabedy.

Facilities below a requisite sizge not required to report in TRl or DMR and therefore this map is likely

not representative of ahereleases in the \3.for 2018. There were no releases reported to TRI or
DMR for facilities in Alaska or Hawaii during this time perioddditional informationavailable in
SupplementafnalysisFile [Exposure Modeling Inputs, Results, and Risk Estimates for Incidental

Ambient Water Exposure

Table 2-4. 1,4-Dioxane releases in TRl and DMR (2018)

Raccoon Creek

Compan Annual NPDES Permitl Release Sub-Watershed Recreational
pany City, State OES Release 1 i or Waterbody | Aquatic Life
Name Number Media
(kglyr) Name' Usée
Manufacturing Surface Tchefuncta
BASF Corp. |Zachary, LA 620.06 | LA0004057 River: Savanna| Yes/Yes
Water
Branch
Plaguemine Industrial Uses Non- Bavou
INEOSOxide || 29 ’ 721.70 | LA0115100 [POTW Y No / No
LA Bourbeaux
WWT
Microdyn | ojeta, ca | 'NdustrialUses | 5, 4 | cazag2715 |POTW  |None Listed No / No
Nadir Corp
Union Carbidg Industrial Uses
Corp: . Surface .
St Charles Hahnville, LA 828.26 | LA0000191 Water Bayou Fortier No / No
Operations
Suez Wits . Industrial Uses
Solutions  |Minnetonka, 16920.89 MN0059013 |POTW | 30uth Fork No / No
MN Ninemile Creek
USA Inc
The Dow Industrial Uses
Che_rmcal Co |Plaguemine, 647.73 | LAG530436 Surface |Bayou No / No
Louisiana LA Water Bourbeaux
Operations
Union Carbide Industrial Uses Surface
Corp: Institute Institute, WV 3818.80| WVG611765 Water Rocky Fork Yes/ Yes
Facility
Union Carbidg Industrial Uses Surface  |Private Surface
Corp: Seadrift, TX 503.49 None No / No
. Water Water
Seadrift Plant
Industrial Uses Surface Sixmile Run
BASF Corp. |Monaca, PA 2.98 PA0092223 Water Ohio River- No / No
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Compan Annual NPDES Permitl Release Sub-Watershed Recreational
pany City, State OES Release 1 . or Waterbody | Aquatic Life
Name Number Media
(kglyr) Name! Usée
Cherokee Industrial Uses Surface  |Susquehanna
Pharmaceutic|Riverside, PA 1.66 PA0008419 usq No / No
Is LLC Water River
Dak AmericagFayetteville, Industrial Uses Surface |Locks Creek
LLC NG 7965.95| NCO0003719 Water Cape Fear Rive Yes/ Yes
Industrial Uses Surface Tyler Creek
Institute Plant|Institute, WV 6132.57| WV0000086 Kanawha River| Yes/Yes
Water
- Rocky Fork
Industrial Uses Round Pond
Kodak Park | hester, NY 63.88 | NY0001643 [U3C€ |crook Paddy | Yes/Yes
Division Water .
Hill Creek
Pharmacia & Industrial Uses L
Upjohn North Haven, 1.05 CT0001341 Surface Qy|nn|plac No / No
CT Water River
(Former)
Philips Industrial Uses
Electronics Parker County 0.06 TX0113484 Surface Rock Creek No / No
X Water
Plant
Sanderson Industrial Uses
Gulch Surface |Bolden Gulch
Drainage Denver, CO 0.03 C0OG315474 Water Muddy Creek Yes/ Yes
Improvements
Ametek Inc. Open System Surface East Branch
U.S. Gauge |Sellersville, PA Functional Fuid 2.64 PA0056014 Perkiomen No / No
U Water
Division Creek
Open System Lower
Lake Reg Collegeville Funpctiongl Fluid Surface |Perkiomen
Med/CollegevV ' 0.24 PA0042617 No / No
ille PA Water Creek- Donny
Brook
Pa_II Life Ann Arbor, Ml Ope_n SySte”.‘ 5.42 MI0048453 Surface Honey Creek Yes/ Yes
Sciences Inc Functional Fluid Water
Beacon Beacon Ealls Disposal Surface Bladens River
Heights cT ' 30.06 | CTMIUO161 Water Naugatuck No / No
Landfill River
Ingersoll Disposal
. Surface |Cane Creek
Rand/T(_)rrlngtWthalla, SC 11.49 SC0049093 Water Little River No / No
on Facility
Further detail on water releases and media of release are availaites atecho.epa.gov/

2.1.1.3 Assumptions and Key Sources of Uncertainty for Environmergl Releases
EPA estimated water releases using reported dischénga the 2018 TRI and the 2018 DMR. TRI and
DMR data were determined to have a fAimedi umo con
process. Due to reporting requirements for TRI and DMR, the number of sites for a given OES may be
underestimatedt Is uncertain the extent to which sites not captured in these databases discharge
wastewater containing dioxane and whether any such discharges would be to surface water, POTW,
or nonPOTW WWT.

In addition, information on the use of idibxane at failities in TRl and DMR is limited; therefore,

there is uncertainty as to whether the number of facilities estimated for a given OES do in fact represent
that specific OES. If sites were categorized under a different OES, the annual wastewater diszharges f
each site would remain unchanged; however, average daily discharges may change depending on the
release days expected for the different OES.
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Facilities reporting to TRl and DMR only report annual discharges; to assess daily discharges, EPA
estimated th release days and averaged the annual releases over these days. There is uncertainty that al
sites for a given OES operate for the assumed duration; therefore, the average daily discharges may be
higher if sites have fewer release days or lower if tlselgreater release days. Teporting facilities

are required to submit their fAbest availabl e da
required to measure or moni@missions or other waste management quantities due to regulations
unrelated to the TRI Programe.g.,permitting requirements), or due to company policies. These

existing, readily available data are often useddoylities for TRI reporting purposes, as they represent

the best available dat&/hen monitoring or direct mearement data are not readily available or are

known to be nofrepresentative for TRI reporting purposes, the TRI regulations require that facilities
determine release and other waste management quantities-i$t€RIchemicals by making reasonable
estimates. These reasonable estimates may be obtained through various Release Estimation Techniques
including massbalance calculations, the use of emission factors, and engineering calculations. There

may be greater uncertainty in data resulting from estsmaimpared to monitoring measurements.

Furthermore, 14lioxane concentrations in wastewater discharges at each site may vary frton day
day such that on any given day the actual daily discharges may be higher or lower than the estimated
average daily dicharge.

In some cases, the number of facilities for a given OES was estimated using data from the U.S. Census.
In such cases, the average daily release calculated from sites reporting to TRl or DMR was applied to
the total number of sites reportedihS. Census Bureau, 2014 is uncertain how accurate this

average release is to actual releases at these sites; therefore, releases may be higher or lower than the
cdculated amount.

2.1.1.3.1 Summary of Overall Confidence in Release Estimates
Table2-5providesa s ummary of EPAGs over al |l reachofthedence i
Occupational Exposure Scenarios assessed.

Table 2-5. Summary of Overall Confidence in Release Estimates by OES

Occupational
Exposure
Scenario (OES) Overall Confidence in Release Estimates

Manufacturing Wastewater discharges are assessed using reported discharges from the 2018 TRI for two §
data were determined to have a fimedi umo c
process. Facilities reporting to TRI only report aridischarges; to assess daily discharges, EP
assumed 250 days/yr. of operation and averaged the annual discharges over the operating (
There is some uncertainty that all sites manufacturinglibdane will operate for this duration;
therefore, the aarage daily discharges may be higher if sites operate for fewer than 250 days
lower if they operate for greater than 250 days/yr. Furthermoralid&ne concentrations in
wastewater discharges at each site may vary fromtadgy such that on argiven day the actual
daily discharges may be higher or lower than the estimated average daily discharge. Based
information, EPA has a medium confidence in the wastewater discharge estimates for the tw
in the 2018 TRI.

Import and Wastewater discharges are assessed using reported discharges from the 2018 TRI and the
Repackagig DMR. TRI and DMR data were determined to

systematic review process. Due to reporting requirements for TRI and glRumber of sites in
this OES may be underestimated. It is uncertain the extent that sites not captured in these d
discharge wastewater containing-tlidxane and whether any such discharges would be to sur
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Occupational
Exposure
Scenario (OES)

Overall Confidence in Release Estimates

water, POTW, or noitOTW WWT. Addtionally, information on the conditions of use of 1,4
dioxane at facilities in TRI and DMR is limited; therefore, there is some uncertainty as to whe
all the sites assessed in this section are performing repackaging (of imported or domestically
manufatured volumes) rather than a different OES. If the sites were categorized under a diff
OES, the annual wastewater discharges for each site would remain unchanged; however, a
daily discharges may change depending on the number of operatingcdagted for the OES.

Facilities reporting to TRl and DMR only report annual discharges; to assess daily discharge
assumed 250 days/year of operation and averaged the annual discharges over the operating
There is some uncertainty that all sit@porting or repackaging l.dioxane will operate for this
duration; therefore, the average daily discharges may be higher if sites operate for fewer tha
daysl/yr. or lower if they operate for greater than 250 days/yr. Furthermomdipkahe
concentations in wastewater discharges at each site may vary froftoakay such that on any
given day the actual daily discharges may be higher or lower than the estimated average da
discharge. Based on this information, EPA has a medium confidence imstewater discharge
estimates.

Recycling

Assessed as part of industrial uses.

Industrial Uses

Wastewater discharges are assessed using reported discharges from the 2018 TRI and the
DMR. TRI and DMR data werecdeféedmhoedrtbi
systematic review process. Due to reporting requirements for TRI and DMR, the number of 3
this OES may be underestimated. It is uncertain the extent that sites not captured in these d
discharge wastewater caiming 1,4dioxane and whether any such discharges would be to sur
water, POTW, or nolPOTW WWT. Additionally, information on the conditions of use of-1,4
dioxane at facilities in TRl and DMR is limited; therefore, there is some uncertainty as t@whg
all the sites assessed in this section are usindi@yne in an industrial use capacity rather thar
different OES. If the sites were categorized under a different OES, the annual wastewater
discharges for each site would remain unchanged; howewenage daily discharges may changg
depending on the number of operating days expected for the OES.

Facilities reporting to TRl and DMR only report annual discharges; to assess daily discharge
assumed 250 days/yr. of operation and averaged thelatistfzgarges over the operating days.
There is some uncertainty that all sites usingdigkane for industrial uses will operate for this
duration; therefore, the average daily discharges may be higher if sites operate for fewer tha
daysl/yr. or loweif they operate for greater than 250 days/yr. Furthermorejitydane
concentrations in wastewater discharges at each site may vary fretordi@y such that on any
given day the actual daily discharges may be higher or lower than the estimated aai¢yage d
discharge. Based on this information, EPA has a medium confidence in the wastewater disc
estimates.

Functional Fluids
(OpenSystem)

Wastewater discharges are assessed using reported discharges from the 2018 TRI and the
DMR. TRIland DMRdataver e det er mi ned to have a fimed
systematic review process. Due to reporting requirements, the number of sites reflected in T|
DMR is assessed as an underestimate. EPA included the estimated 89,000 metal products §
machinery facilities estimated by the ESD on the Use of Metalworking Fluids as a conservat
bounding estimate for the possible range of sites. It is uncertain the extent that sites not capf
the TRI and DMR databases discharge wastewater corgdirhtlioxane and whether any such
discharges would be to surface water, POTW, orROTW WWT. Additionally, information on
the conditions of use of 1-dioxane at facilities in TRl and DMR is limited; therefore, there is
some uncertainty as to whethdrthk sites assessed in this section are usingditydane in an oper
system functional fluids capacity rather than a different OES. If the sites were categorized un
different OES, the annual wastewater discharges for each site would remain unchangsey,
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average daily discharges may change depending on the number of operating days expected
OES.

Facilities reporting to TRl and DMR only report annual discharges; to assess daily discharge
assumed 247 days/yr. of operation and averégednnual discharges over the operating days.
There is some uncertainty that all sites usingdiggkane for open system functional fluids will

operate for this duration; therefore, the average daily discharges may be higher if sites opers
fewer than 247 days/yr. or lower if they operate for greater than 247 days/yr. Furthermere, 1,
dioxane concentrations in wastewater discharges at each site may vary frtorddgysuch that or
any given day the actual daily discharges may be higher or lowetith@stimated average daily
discharge. Based on this information, EPA has a medium confidence in the wastewater disg
estimates.

Laboratory Chemicalg

Water releases from laboratory uses are unlikely as laboratories collect and track spent and
chemicals prior to hazardous waste disposal. The releasesdibtahe from laboratory uses are
to air (through volatile releases into the indoor laboratory air and/or through laboratory fume
to atmospheric air) and liquid wastes of-tljdxane a handled as hazardous waste. The

commercial analytical laboratories and university laboratories handle their wastes as hazard
waste and they are not allowed to discharge wastes to POTW via pouring the wastes down {
drain.

The number of laboratoreassessed is based on the U.S. Census Bureau data for NAICS coq
541380, Testing Laboratories. This NAICS code was chosen based on the main ustiamfahéd
in the laboratory setting: as a reference standard for determination of analytes in bulk
pharmaeuticals. There are other types of laboratories, such as university laboratories and ar
laboratories, that may use igibxane that are not represented in this NAICS code. However, i
unknown how many of laboratories within each of these categase 1,4ioxane. Thus, it is
possible that the inclusion of only NAICS code 541380 could overrepresent the number of
laboratories that use tdloxane. The direction of bias, whether the 6,844 number of sites is al
underestimate or overestimate of thenber of laboratories using idoxane, is unknown.
However, EPA has high confidence in the assessment of no or negligible releases to water (
POTWs. This high confidence in no releases of water mitigates the uncertainties in the estin
number of ges. Based on this information, EPA has a high confidence in the wastewater disq
estimates.

Film Cement

EPA assessed no wastewater discharges for this OES. The small glue bottles could be disp
as solid waste without rinsing them in a sinkefiéhis some uncertainty as to whether and what
quantity of 1,4dioxane could remain in the small glue bottles when disposed. However, due t
small quantities of the glue and high volatility of the-@lidxane, EPA expects any residual-1,4
dioxane to emporate to the air or remain in the solid waste stream. Small amount of film cem
could inadvertently be spilled inside a facility, but due to the higher viscosity and small quant
of the substance, it will likely be cleaned up via wiping and digpo$as solid waste. Based on
this information, EPA has a high confidence in the release assessment.

Spray Foam
Application

Wastewater di scharges are assessed using
days, operating days per site, fothitkness, and mass fraction ofsigle in final formulation from
the Generic Scenario for Application of Spray Polyurethane Foam Insulation. The parameter
average roofing area were defined from homeadvisor.com and houselogic.com. The parame
density and mass fraction of the Zibxane in the Bside formulation were defined from a spray
foam producerés technical fact sheet. Thi
in the container only and is based on industry averages, suabfasze. As a result of the model
limitations and uncertainties due to various activities including container cleaning and produc
handling could vary dramatically on a shig-site basis. It is uncertain to the extent these water
releases are oveor underestimated.
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EPA determined that there were 17,857 establishments that fell into NAICS code 238310, fo
Drywall and Insulation Contractors. The GS estimates that a contractor spends three days a
site before moving to the next job site dadther estimates that a contractor works 260 days pe
year. Assuming a contractor works at only a single job site at a time, EPA calculates that a
contractor works at approximately 87 job sites per year (260 working days divided by three d
per job sit¢. EPA multiplied the number of contractors by 87 to determine a bounding limit fo
number of job sites in a year at which all contractors could potentially discharge container re
down a drain to a POTW or directly on the ground, which couldteradly reach surface waters.
Based on this information, EPA has a low confidence in the release assessment.

Printing Inks (3D)

EPA assessed no wastewater discharges for this OES. EPA expects spent printing ink contg
shavings or fragments, or wasteraps to be disposed of as solid waste. There is some uncertg
as to whether and how much dixane may remain in 3D printed products and waste scraps.
However, due to the volatility of 1-dioxane, EPA expects tdioxane to evaporate from any
printed object, shavings or fragments, or other printed material deposited to the floor or work|
surface prior to it being cleaned and disposed of. EPA acknowledges that some 3D printing
may be inadvertently spilled inside a facility prior to printing amehe quantities may not be
properly captured through spill containment techniques, resulting in printing ink being discha
to POTW (through floor or sink drainBue to the high volatility of 14lioxane, EPA expects any
spilled printing ink not capturelly spill containment materials to primarily be released to air.
Based on this information, EPA has a high confidence in the release assessment.

Dry Film Lubricant

EPA assessed no wastewater discharges for this OES based on conversations with thevonly
facility to use the product. All dry film lubricant materials are mixed and handled in a laboratq
setting underneath a fume hood. The material is sprayed onto components in a spray booth
ventilation. Wastes are containerized and handled as wastesnoval by a waste handler. Therg
is some uncertainty as to whether and how muctdib¥ane may be deposited on the floor or ot
surfaces as a result of overspray or spills. However, due to the volatility-diokdne and

expected spill cleanp methods of the laboratory setting, EPA expects deposited overspray of
spilled 1,4dioxane to evaporate to the air or be contained in spill containment materials and
handled as waste. Based on this information, EPA has a high confidence in the releaseatse

Disposal

Wastewater discharges are assessed using reported discharges from the 2018 TRI and the
DMR. TRI and DMR data were determined to
systematic review process. Due to reporting requiremenfBR1 and DMR, the number of sites il
this OES may be underestimated. It is uncertain the extent that sites not captured in these d
discharge wastewater containing-tlidxane and whether any such discharges would be to sur
water, POTW, or nof*OTW WWT. Additionally, information on the conditions of use of-1,4
dioxane at facilities in TRl and DMR is limited; therefore, there is some uncertainty as to whe
all the sites assessed in this section are usindi@yéne in a disposal capacityhrat than a
different OES. If the sites were categorized under a different OES, the annual wastewater
discharges for each site would remain unchanged; however, average daily discharges may ¢
depending on the number of operating days expected for tBe OE

Facilities reporting to TRl and DMR only report annual discharges; to assess daily discharge
assumed 250 days/yr. of operation and averaged the annual discharges over the operating (
There is some uncertainty that all sites usingdigkanefor disposal will operate for this duration
therefore, the average daily discharges may be higher if sites operate for fewer than 250 day
lower if they operate for greater than 250 days/yr. Furthermoralidxne concentrations in
wastewater disharges at each site may vary from-tiayglay such that on any given day the actu
daily discharges may be higher or lower than the estimated average daily discharge. Based
information, EPA has a medium confidence in the wastewater dischargatestim
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627 2.1.2 General Population Exposure

628 1,4-Dioxane does not currently have established water quality criteria to protect human health under the
629 CWA Section 308). Therefore, in this evaluation, EPA considers potential gepepallation

630 exposures via the ambient water pathway through evaluating incidental oral and dermal exposures

631 related to recreational activities such as swimmlngiDioxane is not expected to accumulate in fish

632 tissues; thereforexposures to the generadjpulation via fish ingestion are nexpected TheEPI

633 Sui tBEABAF model estimatesl:di oxaneds bi oaccumul aThéBalm f act o
634 indicatesthe concentratiom fish tissueselative to thesurrounding water, with concentrations in fish

635 tissuegesulting from partitioning from water and dietary sources and reduced by metalfoBgkir <

636 1lindicates that concentrations in fish tissues are expected to be lowagtrerusoncentrationand

637 supports the expectation that fish ingestion is not a primary pathway of human exposurelimxainé.

638 This is consistent withiman and rat toxicokinetic data suggasgt short haHife (approximately 1

639 hour) for 1,4dioxane following uptake. Givensithydrophilic properties and short hafé, 1,4-dioxane

640 is not expected to accumulate in tissue

641 2.1.2.1 General Population Exposure Approach

642 Both estimatedi.e., modeledand measured levels of icdoxane in ambient watisurface water, were

643 used to estimate incidental oral and dermal exposures during recreational activities such as swimming.
644 Based on the incidental nature of such exposth&sssupplemental analydigcuses oronly acute

645 exposures.

646 21211 Modeling Surface Water Concentrations

647 In Section2.2.1, Environmental Releases to Water, EPA estimates annual releases, release days, and
648 number of facilities to provide a range of daily water releases for each OES b&®BarRI| and

649 DMR. Some OES had no predicted releases to surface watdrafsle2-1). Therefore, included in this

650 evaluation of general population exposures via ambient water indisiclearging sites involved in the

651 following OES: manufacturing, industrial uses, functiohads (opersystem), spray foam application,
652 and disposalTable2-1 shows the range of surface water release estimates across these OES; however,
653 site-specific discharges are provided and used in this exposure analysis (see Supplemental File

654 [Exposure Modeling Inputs, Results, and Risk Estimates for Incidental Ambient Water Bxposure

655

656 Using the described sipecific water release information (kg/#itey) and days of release based on

657 OES categories and assumptions, environment al n
658 Fate Assessment Screening ToolHEST 2014) to predict surface water concentrations in-fagdlity

659 ambient water bodie$)(S. EPA, 2014k For more on the operation and inputs of tHEAST model,

660 refer to the Estimating Surface Water Concentrations Sectidppéndix Eand theE-FAST 2014

661 Documentation ManugU.S. EPA, 200Y.

662

663 In this evaluation, sitgpecific stream flows were applied withirRFAST, where available, and no

664 wastewater treatment removal was appliettAST does not incorporate degradation or volatilization
665 once released and estimates concentrations at the poatease (not downstream).

666

667 Modeled Surface Water Concentrations

668 Table2-6 displays the modeled surface water concentrations obtained HOASE, aswvell as the site

669 specific water release inputs. Refer to the Supplemental Edg®gure Modeling Inputs, Results, and
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670
671
672
673

Risk Estimates for Incidental Ambient Water Exposm@Ambient Water Exposure Modeling Output

from EFAST].

Table 2-6. Modeled Surface Water Concentrations

Med/Collegeville

Occupational 30Q% Surface
Ex Fz)sure Facilit SIC Code or Daily Release Days of Water
he y NPDES (kg/site/day) Release Concentration
Scenario (OES)
(Hg/L)
Manufacturing BASF LA0004057 2.48 250 9.67E+01
Industrial Uses Ineos Oxide Industrial POTW 2.89 250 2.17E+02
Microdyn-Nadir Corp | Industrial POTW 0.10 250 7.24E+00
St Charles Operations| LA0000191 3.31 250 1.11E02
(Taft/Star) Union
Carbide Corp
SUEZ Water Industrial POTW 67.68 250 5.09E+03
Technologies &
Solutions
The Dow Chemical Cg LA0003301 2.59 250 8.70E03
- Louisiana Operations
Union Carbide Corp | WV0000078 15.28 250 3.33E+00
Institute Facility
Union Carbide Corp | TX0002844 2.01 250 2.41E+01
Seadrift Plant
BASF Corp PA0092223 0.01 250 3.40E01
Cherokee PA0008419 0.01 250 2.63E03
Pharmaceuticals LLC
DAK Americas LLC NC0003719 31.86 250 2.78E+01
Institute Plant WV0000086 24.53 250 5.27E+00
Kodak Park Division | NY0001643 0.256 250 1.70E01
Pharmacia & Upjohn | CT0001341 0.00 250 2.74E02
(Former)
Philips Electronics TX0023779 0.00 250 1.00E01
Plant
Sanderson Gulch Industrial POTW 0.00 250 1.00E02
Drainage
Improvements
Open System Ametek Inc. U.S. PA0020460 0.01 247 4.00E01
Functional Fluids | GaugeDiv
Lake Reg PA0042617 0.00 247 1.31E02
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Occupational 30Q% Surface
Ex Fz)sure Facilit SIC Code or Daily Release Days of Water
PC y NPDES (kg/site/day) Release Concentration
Scenario (OES)
(Hg/L)
Pall Life Sciences Inc | MI0024066 0.02 247 4.30E02
Modeled Release Industrial POTW 0.038 247 2.85E+00
Estimates
Spray Foam Modeled Release Industrial POTW 0.00 260 2.70E01
Application Estimates
Disposal Beacon Heights CT0101061 0.12 250 5.30E01
Landfill
Ingersoll Industrial POTW 0.05 250 3.46E+00
Rand/Torrington Fac

! Some of the sitspecific OES release estimates were unable to be associated with a specific NPDES code and r
water body within the EEAST model. These sites were modeled using a generic, spetoific SIC code.

2 Predicted 30Q5 surface wat@ncentrations are the concentrations predicted using a 30Q5 stream flow. The 30Q
stream flow is the lowest 3ay mean stream flow for a recurrence interval of five years. For sites modeled using a
generic SIC code, the values in this column correspondrioentrations predicted using the tewd {.e., 10th percentile)
of the 30Q5 stream flow distribution for that SIC coBeceiving stream flow distributions for direct discharges within
given SIC code are used to apply th& p@rcentile flow.The 30Q5 concentrations are used in this evaluation over th
mean or 7Q10 concentrations based on alignmentthétB-FAST guidancefor assessing acute drinking water exposu
this is noted to be consistent wcuméntfd Watdr Qual@Fased Torcs o

Control (U.S. EPA, 200Y.

2.1.2.1.2 Measured Surface Water Concentrations

Surface water monitoring data were discussed and submitted during the public comment for 1,4
dioxane. These submitted sources are briefly summarized below and were utilized in this evaluation of

general population exposures via ambient water.

A report fom the North Carolina Department of Environmental Quality identifiedlindane in

surface water in the Deep, Haw, and Cape Fear Rivers at levels as high as 1,030 ug/L (r85h5312.6

ug/L) EPA-HQ-OPPT201902380042 EPA-HQ-OPPT201302380060 EPA-HQ-OPPTF2019
02380061).Sunetal.Z01§ reported detections in North

Caro

1,405 ¢eg/ L. The MiEnvimoarseatdl Quallyeagpatedttgioxané in state surface

waters at | evel s r aBRAMHO-QPPFZ00862380040.5Thetipper dndef
these ranges werésa used to estimate incidental oral and dermal exposures from swimming.

2.1.2.1.3 Estimating Incidental Oral Exposures from Swimming

egl/ L

Predicted stream concentrations were used to estimate incidental acute incidental oral exposure from

swimming. Predicted surfaceater concentrations range from 2.68& ug/L to 5.09E+03 ug/L (see
Table2-6); this range of predicted concentrati@mcompasssthe full range of thewsface water
monitoring data submitted duririige public comment period.

Additional inputs/exposure factors used to estimate these acute oral exposures are included in
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Table2-7. SupplementalnalysisFile [Exposure Modeling Inputs, Results, and Risk Estimates for
Incidental Ambient Water Exposirier additional details on inputs and assumptions. This evaluation
focused on children 15 years, as they presenbst conservativeonditions when considering the age
specific ingestion rate, body weight, and duration of exposure.

Table 2-7 Incidental Oral Exposure Factors

Description Value Notes

Age Class 11-15 Selected based on having highest incidental oral ingestion rate during
swimming from the Exposure Factors Handbook, TabldBPA, 2019

Incidental Ingestion| 152 mL/hr Upperpercentile hourly incidental ingestioate from the Exposure Facto|

Rate Handbook, Table-3 (EPA, 2019

Body Weight 56.8 kg Recommended, mean body weight for childreriLbXrom the Exposure
Factors Handbook Table B(U.S. EPA, 201}

Duration of 2 hrdday High-end default shoiterm duration default from EPA Swimmer Exposy

Exposure Assessmen¥lodel (SWIMODEL); based on competitive swimmers in th
child 11-15 age claséEPA, 2015

Daily Incidental 0.304 L/day | 0.152 L/day * 2 hrs

Ingestion Rate

The equation used to estimate the acute daily dose rate (ADR) for incidental oral ingestion ibedloow.S.
EPA, 2007:

. s  YOOWO O
oo0Y ————
0w

Where,
SWC = Surface water concentration (ug/L)
IR = Dalily ingestionrate (L/day)
CF =0.001 mg/ug
BW = Body weight (kg)

2.1.2.1.4 Estimating Dermal Exposures from Swimming
Predicted stream concentrations were used to estimate incidentadaduieidentaldermalexposure
from swimming. Predicted surface water concentrations ranges from-@3@&/L to 5.09E+03 ug/L
(seeTable2-6). Additional inputs/exposure factors used to estimate thesedaualexposures are
included in
Table 2-8. SupplementalnalysisFile [Exposure Modeling Inputs, Results, and Risk Estimates for
Incidental Ambient Water Exposirer additional details on inputs and assumptions. This evaluation
focused on the adult age class, as they préisentost conservativexposure conditions when
considering the aggpecific surface area to body weight ratio and duration of expd3efault
par amet er i zaSWIRHODEL wereumlizéd FoPndost inputs as shown Trable2-8 (EPA,
2013.

Table 2-8 Dermal Exposure Factors

Description Value Notes

Age Class Adult Selected based on having highest dose based on permeadddg dermal
exposure equation used®WIMODEL, considering exposeslirface area,
duration, and body weight

Skin Surface Area | 19,500 cm Default dermal contact surface area for the adult age class in
SWIMODEL(EPA, 2015

Body Weight 80 kg Recommended, mean body weight for adult age classl,(Table 81)
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Description Value Notes

Exposure Duration| 3 hrgday High-end shortterm default duration from EPA Swimmer Exposure
Assessment ModeB(WIMODEL); based on competitive swimmers in th
adult age claséEPA, 2015

Permeability 5.05E04 Estimated usingHSkinPern® for 1,4-dioxane dermally absorbed into the
Coefficient (Kp) cm/hr stratum corneum from water
724
725 The equation wexl to estimate the acute daily dose rate for dermal exposure from swimming show(Eislow
726 2019:
727 v LA SR (AR 114
728 50 0 WL nui Y'owo WwWo O
0w
729 Where,
730 CW = Chemical concentration in water (mg/L)
731 Kp = Permeabilitycoefficient (cm/hr)
732 SA = Skin surface area exposed {fm
733 ET = Exposure time (hrs/day)
734 CF = Conversion factor (0.001 L/én
735 BW = Body Weight (kg)
736
737 2.1.2.2 General Population Exposure Results

738 Estimated acute incidental oral exposures range from 10816 2.73E02 mg/kg/day, while estimated

739 acute dermal exposures range from 9:10Ho0 1.88E03 mg/kg/day. The highest doses are associated
740 with releases from the industrial uses OES. This range of exposure estimates cover acute oral and
741 dermal doses estimated usindgtbmodeled and measured surface water concentrations. Refer to the
742  Supplemental FileExposure Modeling Inputs, Results, and Risk Estimates for Incidental Ambient Water
743 Exposuré¢and Section 4.2.fr the full set of results for all releasing sites and submitted monitoring

744  data.

745

746

747 2.1.2.3 Assumptions and Key Sources of Uncertaintyncertainties for General Population

748 Exposure

749 EPAGs approach recognizes the needdistnotionfarsuthud e u
750 an analysis is variability versus uncertaintijoth aspects need to be addressed. Variability refers to the
751 inherent heterogeneity or diversity of data in an assessment. It is a quantitative description of the range
752 or spread of a seff values and is often expressed through statistical metrics, such as variance or

753 standard deviation, that reflect the underlying variability of the data. Uncertainty refers to a lack of data
754  or an incomplete understanding of the context of the risk atratudecision. Variability cannot be

755 reduced, but it can be better characterized. Uncertainty can be reduced by collecting more or better data.
756  Quantitative methods to address uncertainty includepmobabilistic approaches such as sensitivity

757 analysis ad probabilistic or stochastic methods. Uncertainty can also be addressed qualitatively, by

758 including a discussion of factors such as data gaps and subjective decisions or instances where

759 professional judgment was used. Uncertainties associated with elppsaand data used in the

760 evaluation ofgeneral populatioexposures are described below.

761

762 Modeling Inputs and Assumptions

763 Releases modeled usingHAST 2014 were predicted based on engineeringspieeific estimates based

764 on DMR and TRI reporting databas. These data that form the basis for engineering estimates-are self
765 reported by facilities subject to minimum reporting thresholds; therefore, they may not capture releases
766 from certain facilities not meeting reporting thresholds,(environmental neases may be
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underestimated). These release estimates, however, are described as having a medium level of
confidence irSection2.2.1.3.1

E-FAST 2014 estimates surface water concentrations at the point of release, without accounting for
postrelease environmental fate or degradation processes such as volatilization, biodegradation,
photolysis, hydrolysis, or partitioning. Additionally;FEAST does not estimate stream concentrations

based on the potential for downstream transport and dilution. These considerations tend to lead to higher
predicted surface water concentrations. Dilution is incorporated, but it is based on the stream flow
applied Therefore, there is uncertainty regarding the level efligdane that would be predicted

downstream of a releasing facility or after accounting for potential volatilization from the water surface,
which is dependent on the degree of mixing in a recgiwiater body.

The ambient water analysis assumes that members of the general population are incidentally exposed vie
swimming in ambient waters, but there is uncertainty surrounding the likelihood that such recreation and
contact would occur at or neidre point of release. If such activities occurred further from the point of
release, this analysis may overestimate the water concentrations that swimmers would be exposed to.

EPAG6s SWI MODEL was used as the source for expos
exposure from swimming in pools, not ambient water bodies, so there is uncertainty about the
application of swimming pool duration data in this analysis.

Aggrecate Exposure

Background levels of 1;dioxanefrom other sourceare not considered or aggregated in émalysis
therefore, there is a potential for underestimating exposures, particularly for populations living near a
facility emitting 1,4dioxane oriving in a home with other sources of dibxane, such as other 1,4
dioxanecontaining products stored and/or used in the hgucl as personal care products that are not
covered under TSCASimilarly, there was no aggregation of incidental oral and dezrpsures from
swimming, which would be expected to be concurrent.

2.1.2.4 Confidence in General Population Exposure Estimates
Confidence ratings for general population ambient water exposure scenarios are informed by
uncertainties surrounding inputs and aggwhes used in modeling surface water concentrations and
estimating incidental oral and dermal dosesSection2.2.1.3.1 confidence ratings are assigned to
these estimated daily releases (kgfdi) on a per occupational exposure scenario (OES) drasis
reflect moderate confidence.

Other considerations that impact confidence in the ambient water exposure scenarios include the model
used (EFAST 2014) and its associated default and-gsécted values and related uncertainties. As
described, therera uncertainties related to the ability 6FHAST 2014 to incorporate downstream fate

and transport. Of nERA®T,2014webhssdfimbddl| ed ebhei BRASS
concentrations and doses are designed to reasonably overestimate exposures, for use in an exposure
assessment in the absence of or with reliable n
of the general population couldasonably be expected to swim at or near the point of release, there is
relatively low confidencelue to uncertainty

EPA utilized the SWIMODEL default duration parameters to estimate incidental dermal and oral
exposures to the general population framismmi ng i n ambi ent water bodi e
duration inputs were based on swimming pool use patterns rathdreblwatebodies, so there is low
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to moderate confidence that these parameters accurately reflect the ambient water body recreation
activities covered in this supplemental analysis.

There are surface water monitoring data available that reflect ambient water exposure levels in the
United States (seé®ection2.4.2.3. These data were submitted from only two states (NC and MN) and

may eflect multiple sources of I dioxane in surface water that may or may not be related to within

scope occupational exposure scenarios. Because these monitoring data reflect surface water conditions
at specific sampling sites during a specific samplingpdethey may not reflect current levels of-1,4

dioxane in surface wateéfFhe modeled surface water concentration ranges obtained ffoASE

modeling (2.63ED3 - 5.09E+03 pg/L) encompass the full range of the surface water monitoring data
submitted duringpublic comment period.

Based on the above considerations, the general population ambient water exposure assessment scenaric
have an overall low to moderate confidence.
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2.1.3 Consumer Exposures

As explained in the scope document-didxane may be found as a contaminant in consumer
products that are readily available for public purchase.

2.1.3.1 Consumer Conditions of Use and Routes of Exposure Evaluated
Eight consumer conditions oke are evaluated based on the uses identifEdPFM 6 s 2015
TSCA Work Plan Chemical Problem Formulation and Initial Assessment-@ityane(U.S.
EPA, 201). An additionalsystematic review effort was undertaken for consumer exposures to
identify, screen, and evaluate relevant data sources. These conditions of use include surface
cleaner, antifreeze, dish soap, dishwasher detergent, laundry detergent, paint and flagr lacque
textile dye, and spray polyurethane foam (SPF}Digkane may be found in these products at
low levels (0.0009 to 02%) based on its presence as a byproduct of édinerulation
ingredientsi.e., ethoxylated chemicals

Inhalation exposures to Xdloxane are estimated for household consumersgroduct users
receptors who use a product directly) and bystandersréceptors who are a narser that may

be incidentally exposed to the product). Acute inhalation exposures are presented for all
conditions of use, while chronic inhalation exposures are only presented for conditions of use
that are reasonably expected to involve daily use intenvalss(irface cleaner, dish soap,
dishwasher detergent, and laundry detergent). Other conditiaise@k., SH-, antifreeze,

textile dye, and paint and floor lacquarg not evaluated over chronic exposure durations based
on expected infrequent and intermittent use frequencies.

Dermal exposures to tdioxane are estimated for household consunoenssers. Users are
assumed to include adults (21+ years) and childreri2Qlylears). As with inhalation, acute

dermal exposures are presented for all conditions of use, while chronic inhalation exposures are
only presented for conditions of use thatr@asonably expected to involve daily use intervals

(i.e., surface cleaner, dish soap, dishwasher detergent, and laundry detergent). Other conditions
of use(i.e., SPD, antifreeze, textile dye, and paint and floor laccarerhot evaluated over

chronic expsure durations based on expected infrequent and intermittent use frequencies.
Generally, individuals that have contact with liquid-dlidxane would be users and not

bystanders. Therefore, direct dermal exposures are not expachsydtanderand are oly

estimated for users.

2.1.3.2 Potentially Exposed or Susceptible Subpopulations
Consumers and bystanders are potentially exposed or susceptible subpa&RS) due to
their greater exposure. Additionally, higttensity usersife., those using consumer products for
longer durations or in great amounts) are evaluated. Consumers are considered to include
children and adults, ages 11 and up, while bystandehe home exposed via inhalation could
include children and adults of all ages.

2.1.3.3 Consumer Exposure Modeling Approach
Modeling was conducted to estimate exposure from the identified consumer conditions of use.
Exposures via inhalation and dermalcontat consumer products wer e
Consumer Exposure Model (CEM) Version 2.US. EPA, 2019g along with consumer
behavioral pattern datad., use patterns) and prodespecific inputs. An older version of CEM,
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874 available wihin E-FAST 2014, was used to estimate chronic inhalation exposures and obtain

875 lifetime average daily concentration outpuis§. EPA, 2014z  E MMAIl6-€hamber

876 Concentration and Exposure Model (MCCEM) was used to estimate inhalation exposures related
877 to use of SPF based on the availability of measured emission rate data for that §eémario

878 2010. Table2-9 displays the models used to estimate inhalation and dermal exposures across the
879 consumer conditions of use.

880

881 Table 2-9 Models Used Across Consumer Conditions of Use and Routes of Exposure
Consumer Condition Acute Inhalation Chronic Inhalation Acute Dermal Chronic Dermal

of Use Exposure Exposure Exposure Exposure

Surface Cleaner CEM 2.1 CEM CEM 2.1 CEM 2.1
Antifreeze CEM 2.1 CEM 2.1
Dish Soap CEM 2.1 CEM CEM 2.1 CEM 2.1
Dishwasher Detergent CEM 2.1 CEM CEM 2.1 CEM 2.1
Laundry Detergent CEM 2.1 CEM CEM 2.1 CEM 2.1
Paint and Floor Lacqug CEM 2.1 CEM 2.1
Textile Dye CEM 2.1 CEM 2.1
SPF MCCEM CEM 2.1

882

883 Emission data were identified and evaluated through systematic review. For some conditions of
884 use, emission data were used to support estimated exposures and to model emissions of SPF (see
885 AppendixA.1.2.]).

886 2.1.33.1 Modeling Air Concentrations and Inhalation Exposure

887 Consumer Exposure Model

888 CEM 2.1 and CEM predict indoor air concentrations from consumer produloyuse

889 implementing a deterministic, mabalance calculation utilizing an emission profile determined

890 Dby applying appropriate emission scenarios. The model useszotweaepresentation of the

891 building of use é.g.,residence, school, office), with Zone presenting the room where the

892 consumer product is useel.g.,a utility room) and Zone 2 being the remainder of the building.

893 The product user is placed within Zone 1 for the duration of use, while a bystander is placed in
894 Zone 2 during product use. Othese, product users and bystanders follow prescribed activity

895 patterns throughout the simulated period.

896

897 For acute exposure scenarios, emissions from each incidence of product usage are estimated over
898 a period of 72 hours using the following approach #icabunts for how a product is used or

899 applied, the total applied mass of the product, the weight fraction of the chemical in the product,
900 and the molecular weight and vapor pressure of the chemical. Time weighted averages (TWAS)
901 were then computed basedtbese user and bystander concentration time series per available
902 human health hazard data. For-tlidxane, 8hour TWAs were quantified for use in risk

903 evaluation based on alignment of relevant acute human health hazard endpoints. For additional
904 detalsm CEM 2. 16s underlying emission models, as
905 User Guide Section 3: Detailed Descriptions of Models within CEM2.3. EPA, 2019g also

906 summarized ippendix A The emission models used have been compared to other model

907 results and measured data; see Appendix D: Model Corroboration of the User Guide Appendices
908 for the results of these analygesS. EPA, 2019h

909
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For chronic exposure scenarios, CEM witBHrAST 2014 was used to obtain lifetime average
daily concentrations (LADCSs) for the scenarios involving chronic exposures. Emissions are
estimated over a period of 60 dalsr cases where the evaporation time estimated exceeds 60
days, the model will tmucate the emissions at 60 days. Conversely, for cases where the
evaporation time is less than 60 days, emissions will be set to zero between the end of the
evaporation time and 60 days. For more information on this version of CEM and its chronic
inhalationestimates, refer to tie FAST 2014 Documentation Manu@l.S. EPA, 200Y.

The general steps of the calculation engine within the CEM 2.1 and CEM models include:

7 Introduction of the chemical.¢., 1,4-dioxane into the room of use (Zone 1) through
two possible pathways: (1) overspray of the product or (2) evaporation fiim a
film;

# Transfer of the chemical to the rest of the house (Zone 2) due to exchange of air
between the different rooms;

7 Exchange of the house air with outdoor air; and

# Compilation of estimated air concentrations in each zone as the modeled occupant
(i.e, user or bystander) moves about the house per prescribed activity patterns.

Multi-Chamber Concentration and Exposure Model

The Multi-Chamber Concentration and Exposure Model (MCCEM) estimated indoor air
concentrations of chemicals released from household protiets 2010). It uses air

infiltration and interzonal air flow rates with useput emission rates to calculate thwarying
concentrations in several zones or chambers withiniderese. Four types of source models are
available in MCCEM constant, single exponential, incremental, and data entry. For additional
details, see the MCCEM User Gui@ePA, 2019).

Within MCCEM, the incremental source model is specifically designed fouptedhat are

applied to a surface (as SPF is) rather than products that are placed in an envirexgnant (

air freshener). This distinction is important because the incremental source model considers the
time or duration of application or use in itaulations of emissions and concentrations, while

the single exponential source model does not. The incremental model assumes a constant
application rate over time, coupled with an emission rate for each instantaneously applied
segment that declines exporiially.

The incremental model can be populated using data derived from the experimental data and
proposed model of emission rates in Karlovich etzil11). SeeAppendix Afor details on the
underlying equations and applying these data to estimate the emission rate for this scenario.

2.1.3.3.2 Modeling Dermal Exposure
CEM 2.1 contains dermal modeling components that estimate absorbed dermal doses resulting
from dermal contaawith chemicals found in consumer products: P_DERZ2a: Dermal Dose from
a Product Applied to Skin, Fraction Absorbed Model and P_DER2b: Dermal Dose from Product
Applied to Skin, Permeability Model. The selection of the appropriate dermal model was based
on whether an evaluated condition of use is expected to involve dermal contact with impeded or
unimpeded evaporation. For scenarios that are more likely to involve dermal contact with
impeded evaporatiore(g.,wiping or cleaning with a chemical soaked ragg, permeability
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955 model is applied. In contrast, for scenarios less likely to involve impeded evaporation, the

956 fraction absorbed model is applied. For acute exposure scenarios, dermal acute dose rates

957 (ADRSs) are estimated and, for chronic exposure scenéif@sne average daily doses (LADDs)

958 are estimated. Seégppendix Afor a more detailed comparison of these dermal models.

959

960 The permeability model estimates the mass of a chemical absorbed and dermal flux based on a
961 permeability coefficient (K) and is basd on the ability of a chemical to penetrate the skin layer

962 once contact occurs. It assumes a constant supply of chemical directly in contact with the skin
963 throughout the exposure duratiorp iIK a measure of the rate of chemical flux through the skin.

964 Theparameter can either be specified by the user (if measured data are reasonably available) or
965 be estimated within CEM using awaterpagtiitonc al 6s mo
966 coefficient (Kow). The permeability model does not inherently accoungévaporative losses

967 (unless the available flux orgkalues are based on noncluded, evaporative conditions),

968 which can be considerable for volatile chemicals in scenarios where evaporation is not impeded.
969 While the permeability model does not explicitgpresent exposures involving such impeded

970 evaporation, the model assumptions make it the preferred model for an such a scenarie. For 1,4
971 dioxane, an estimated aqueous dermal permeability coefficignb ®65E04 cm/hr) is used,

972 based on IHSkinPerm®© preatiions. For additional details on this model, pleaseAppendix A

973 and the CEM User Guide Section 3: Detailed Descriptions of Models within CEM EPA,

974 20193.

975

976 The fraction absorbed model estimates the mass of a chemical absorbed through the applicational
977 of a fractional absorption factor to the mass of chemical present on or in the skin following a use
978 event. The initial dose or amount retained on the skdetisrmined using a film thickness

979 approach. A fractional absorption factor is then applied the initial dose to estimate absorbed

980 dose. The fraction absorbed is essentially the measure of two competing processes, evaporation
981 of the chemical from the skin gace and penetration deeper into the skin. It can be estimated

982 using an empirical relationship based on Frasch and Biadgé). Due to the model G
983 consideration of evaporative processes, it was considered more representative of dermal

984 exposure under unimpeded exposure conditions. For additional details on this model, please see
985 Appendix Aand the CEM User Guide Section 3: Detailed Descriptions of Models within CEM

986 (U.S.EPA, 2019n

987 2.1.3.4 Consumer Exposure Scenarios and Modeling Inputs

988 Based orthe combination of higlend and central tendency inputs, modeling results are

989 presentedntensiihiyghs-enseéenert t fi-ntersiy usartseenatibs g h

990 are characterized by higind (.e., 95" percentile or maximum) inputs govemgikey user

991 behavior pattern inputs (duration of use, mass of product used). Moueesitsity user

992 scenarios are characterized by central tenddreey50" percentile) inputs governing the key

993 user behavior pattern inputs of duration of use and nigs®duct usedAlthough key inputs

994 represent higlend or central tendencies, this was a deterministic assessment and exposure

995 results are not reflective of a distribution.

996

997 For acute exposure scenariosly hightintensity user scenariakat incorporatéigh-end mass,

998 duration, and weight fraction inputise presented. For chronic exposure scenarios, botrehih

999 and moderaténtensity user scenarios are presented based on model documentation and the
1000 understanding that central tendency parameters may more accurately represent lifetime
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1001 exposures. CEM andEM 2.1 are designed to use central tendency inputs for mass, duration,
1002 use frequency, and weight fraction when estimating lifetime exposur8sg£PA, 2007U.S.
1003 EPA, 2019 Chronic highintensity user scenarios, unlikge acutehigh-intensity user
1004 scenarios, utilize central tendency weight fraction inputs, whessible
1005
1006 Some modeling inputsuch as the room of usies(, Zone 1 volume) and surface area to body
1007 weight ratio exposed in dermal exposure scenarios were held constant across the multiple
1008 iterations of a single product scenario but differed across productrsxehased on their
1009 productspecific nature. Other parameters such as chemical properties, building volume, air
1010 exchange rate, interzonal ventilation rate, and user and bystander activity pagerns (
1011 movements around the home) were held constantsaalosxposure scenarios and reflect central
1012 tendency inputs.ge., median or mean valueseeTable2-10).
1013
1014 For details on default modeling inputs and a sensitivity analysis, see Appendix B and Appendix
1015 C, respectively, of the CEM 2.1 user guide appendides. (EPA, 2019h The sensitivity
1016 analysis is also summarizedAppendix A
1017
1018 Table 2-10 Default Modeling Input Parameters
Parameter Type ,;)A:rczijrlwig?er DefaultValue Modeled \C/ﬁgjr?;\cterization Reference
Building Building Volume |492 Central Tendency | (U.S. EPA, 201}
Characteristit | (m°) (Mean)
Air Exchange Ratq 0.45 Central Tendency | (U.S. EPA, 201}
(hr) (Median)
Interzonal 107 NA Defaults(U.S. EPA, 2019gb)
Ventilation Raté
(md/hr)
Emission Background Air |0 Minimum
Characteristics | Concentration
(mg/n)
Gas Phase Mass |Based on chemical properties astimated
Transfer within CEM (for SPF scenario modeled wil
Coefficient (m/hr) | MCCEM, see Appendix A)
Emission Factor
(ug/mé/hr)
Saturation 1.89E+05 Based on chemica|
Concentration in properties and
Air (mg/md) estimated within
CEM
Use Patterns and Receptor Activity |Stay at homeé NA Default(U.S. EPA, 2019gb)
ExposureFactors| Pattern
Use Start Time |9 AM* NA NA
Frequency of Use| 1 event per day NA Defaults(U.S. EPA, 2019zb)
Acute Exposure |1 day NA
Duration
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1019
1020

1021
1022
1023
1024

1025

Acute Averaging |1 day NA

Time

Chronic Exposure| 57 years NA
Duration

Chronic Averaging 78 years NA
Time

Surface Areato |Face, Hands, Arms
Body Weight Ratid Adult (21+): 15.8 Central tendency
Children (1620): 14.9 |(M€a")

Children (1115): 16.4
Both Hands

Adult (21+): 12.4 Central tendency
Children (1620): 11.6 | (€&

Children (1115): 12.7
Inside of One Hand
Adult (21+): 3.10 Central tendency
Children (1620): 2.90 |(M&aN)

Children (1115): 3.17
10% of Hands

Adult (21+): 1.24 Central tendency
Children (1620): 1.16 |(M€a"

Children (1115): 1.27

L An overall residential building volume of 49218 used to calculate air concentrations in Zone 2 and room volun
used to calculate air concentrations in Zone 1. The volume of thdigleabubble in Zone 1 was assumed to be*im
all cases, with the remaining volume of Zone 1 comprising thédiarvolume.

2The default interzonal air flows are a function of the overall air exchange rate and volume of the building, as w
Afopennesso of the room itself. Kitchens, Il i vi negrest
of the home or building of use; bedrooms, bathrooms, laundry rooms, and utility rooms are usually accessed th
door and are considered more closed.

3The activity patternife., zone location throughout the simulated exposure period) foramsebystander was the
def aulath ofinsetdoa yr esi dent, which assumes the receptor g
throughout the day. These activity patterns in CEM were developed based on Consolidated Human Activity Da|
(CHAD) dda of activity pattern§lsaacs, 201¢

4Product use was assumed to start at 9 AM in the morning; as such, the user was assumed to be in the room ¢

1) at that time, regardless of the default activity pattern at 9 AM.

Key product scenarispecific modeling inputs for inhalation modeling are shownhahle2-11.
For scenarios with both acute and chronic exposure despthe table includes both highd
and central tendency inputs for duration, mass, and frequency of use. Please refer to the
SupplementafnalysisFile [ConsumeExposureAssessmemflodeling Input Parametefdor a
detailed listing of all inputs and associated sources.
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1026 Table 2-11 Key Product-Specific Inputs for Inhalation Modeling

Max ! Room of . Mass of
Consumer Range of iqht Use Duration Product Frequency
Product Form Product Conc. We|g of Use of Use
: Fraction (volume, ; Used
Scenario (ppm) m?) (min) @ (dayslyear)

Surface Liquid 0.3671 9 9.00E06 Bathroom | 30 300 365
Cleaner (15) 15 200 300
Antifreeze | Liquid 0.017 86 8.60E05 Garage 15 150 NA

(90)
Dish Soap | Liquid 0.71 204 2.04E-04 Kitchen 20 84 365

(24) 10 48 300
Dishwasher| Liquid/ 0.861 9.7 9.7CE-06 50 40 365
Detergent | Gel 45 20 300
Laundry Liquid 0.051 14 1.40E05 Utility 50 60 365
Detergent Room 45 40 300

(20)
Paintand | Liquid 0.02i 30 3.00E05 Bedroom | 810 26025 NA
Floor (36)
Lacquer
Textile Dye | Agqueous | NA 4.70E06 Utility 20 100 NA

Room

(20)
SPF? Foam 5003 5.00E04 Attic 4,54 NA

(123) 360

Basement 4,54

(246)

Garage 180 2.24

(118)
The use iefmaiilinkhere does notindicate use of a theoretical maximum or upper limit but re
the highest identified weight fraction for a given product type based on the availablekataveight fractions
were used, where possibfer chronic exposure estimates. $ee SupplementahnalysisFile [Consumer
ExposureAssessmemflodeling Input Paramete}s
2The SPF scenario was modeled using MCCEM to estimate inhalation exposures. Please refer to the Supy
AnalysisFile [ConsumeExposureAssessmenlodeling Input Parameteldor additional, distinct modeling inputs
for this scenario.
3 The applied BO ppm concentration aligns with the related OES, which assumed 50% blending (parts A an
4Mass of use was not an input in MCCEM as it was in the CEM model. These masses instead reflect the tq
of chemical released in each exposure settings&hvere estimated using loading ratios, application surface a
emission rate per square inch, and decay rate per hour. Please refer to the Supealgatsiile [Consumer
ExposureAssessmemiodeling Input Parametefand Appendix Afor more detds.

1027

1028 Key product scenarispecific modeling inputs for dermal modeling are showhahle2-12.

1029 For scenarios with both acute and chronic exposure estimates, the table includes beri high
1030 and central tendency inputs for duration, mass, and frequency of use. Please refer to the
1031 SupplenentalAnalysisFile [ConsumeExposureAssessmemiiodeling Input Paramete}gor a
1032 detailed listing of all inputs and associated sources.
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1033

1034 Table 2-12 Key Product-Specific Inputs for Dermal Modeling

1035

1036
1037
1038
1039
1040
1041

1042
1043
1044
1045
1046
1047

Consumer Max ! Exposed | Duration Absorption Film Permeability | Frequency
Product Form Weight Surface of Use? FractiF:)n 3 | Thickness| Coefficient of Use
Scenario Fraction Area (min) (cm) (Kp, cm/hr) | (daysl/year)

Surface Liquid 9.00E06 | Inside of | 30 0.32 0.00214 365

Cleaner one hand| 15 0.26 300

Antifreeze | Liquid 8.60E05 15 0.26 0.00655 NA

Dish Soap | Liquid 2.04E-044 | Both 20 0.29 0.00655 365

hands 10 0.21 300

Dishwasher| Liquid/ | 9.70E-06 | 10% of |1 0.038 0.00655 365

Detergent | Gel hands 300

Laundry Liquid 1.40E05“ | Both 20 0.29 0.00655 365

Detergent hands 10 0.21 300

Paintand | Liquid | 3.00E05 | Face, 810 0.34 0.00981 | 5.05E04 NA

Floor hands,

Lacquer arms

Textile Agueou | 4.70E064 | Both 20 0.29 0.00655 NA

Dye S hands

SPF Foam 5.00E04 | Face, Attic 0.34 0.01 NA

hands, 360
arms Basement
360
Garage
180
'The use iefmaiinakhere does not indicate use of a theoretical maximum or uppesuimitfers to the

highest identified weight fraction for a given product type based on the availablSeettze SupplementanalysisFile
[ConsumeExposureAssessmemilodeling Input Parametels

2 Durations of use were adjusted for dermal exposurenmiscenarios: dishwashing detergent and laundry detergent.
model default durations listed rable2-11 above are based on machine run times amaldwnot be appropriate for dermé
contact duration.

3 Absorption fractions are estimated using duration of exposures; therefore, distinct absorption fractions are estimg
applied for highend vs. central tendency durations. This term is only usedtimation of dose using the fraction absorb
model.

4 Dilution fractions were applied to three scenarios: dish soap (3%), laundry detergent (1.6%), and textile dye (109

the SupplementadnalysisFile [ConsumeExposureAssessmelodeling Input Parametefdor details.

2.1.3.5 Consumer Exposure Results

Estimated inhalation and dermal exposures are presented below for all consumer conditions of
use. Scenarios that involve frequerg.( daily) exposure intervals present acute and chroni
exposure estimatder consumer users and acute exposure estimates for users and bystanders.
Scenarios thaihvolve intermittent or infrequent exposuirgervalspresent acute exposure
estimates onlyor users and bystanders

2.1.3.5.1 Surface Cleaner
Acute and bronic inhalation and dermal exposures todigkane present as a byproduct in
surface cleaner were evaluated. Concentrations edi®ne in surface cleaners range from
0.36 to 9 ppm (up to 0.0009%)EM 2.1 default inputs faall-purpose liquid cleamevere used
as the basis for duration of use and mass of product Tisedoom of use (Zone 1) is a
bathroom and the dermal surface area reflects the inside of one hand. This scenario assumes
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1048 dermal contact during wiping/cleaning activities and may invahhibited evaporation from the
1049 skin surface.
1050
1051 Inhalation exposure estimates are presented belowh&&ipplementanalysisFile
1052 [Exposure Modeling Results and Risk Estimates for Consumer Exgjdsumgosure results
1053 and associated risk estimates.
1054
1055 Table 2-13 Estimated Inhalation Exposure: Surface Cleaner
Scenario Duration of Use Weight Mass Used | Product User 8'2(/\/'\/*&( LADC
Description (min) Fraction (9) or Bystander (mg/md)
(mg/m?)
Acute
5.0E-03 --
High-Intensity High End Max High End user
User (30) (9.0E06) (300 Bystander | 9-55-04
Chronic
High-Intensity High End Max * High End User 1.0E-03
User (30) (9.0E06) (300
Central
Modgrate Central Tendency Max Tendency User 5.6E-04
Intensity User (15) (9.0E06) (200
Although, generally, mean weight fractions were utilized in all chronic modeling-{highsity and moderate
intensity user scenarios), a meanuld not be estimates for this scenario based on source information.
1056
1057 Dermal exposure estimates are presented below and are based on the permeability model within
1058 CEM 2.1. See¢he SupplementanalysisFile [Exposure Modeling Results and Risk Estimates
1059 for Consumer Exposurg®r exposure results and associated risk estimates, including those
1060 based on the fraction absorbed model within CEM 2.1.
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1061
1062

1063

1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076

1077
1078
1079
1080
1081
1082

Table 2-14 Estimated Dermal Exposure: Surface Cleaner

Scenario Description Duration of Use I;/rv;(‘jggﬁl Receptor ADR LADD
P (min) ) P (mglkg/day) | (mg/kg/day)
Acute
Adult (0621 7E06
. . High End Max . 7.2E-06
High-Intensity User (30) (9.0E06) Children (1620 years)
Children (1315 years)|  /-%06
Chronic
— , High End Max! - 5.6E-06
High-Intensity User (30) (9.0E06) Adult (021
Moderatelntensity Central Tendency Max - 2.3E06
User (15) 9.0s06) |Adult (021
IAlthough, generally, mean weight fractions were utilized in all chrowdeling (highintensity and moderate
intensity user scenarios), a mean could not be estimates for this scenario based on source information.

2.1.3.5.2 Antifreeze
Acute inhalation and dermal exposures tedigkane present as a byproduct in antifreeze were
evaluated. Concentrations of Moxane in antifreeze range from 0.01 to 86 ppm (up to
0.0086%). CEM 2.1 default inputs for afreeze liquid were used as thasis for duration of
use and mass of product used. The room of use (Zone 1) is a garage and the dermal surface area
reflects the inside of one hand. This scenario assumes dermal contact during pouring activities
and is not expected to involve inhibitedaporation from the skin surface.

Inhalation exposure estimates are presented belovth&&pplementalnalysisFile
[Exposure Modeling Results and Risk Estimates for Consumer Exgjdsumgoosure results
and associated risk estimates.

Table 2-15 Estimated Inhalation Exposure: Antifreeze

Scenario Duration of Use Weight Mass Used Product User B'Q(NN'LaX
Description (min) Fraction (9) or Bystander (mg/m?)
Acute

User 1.6E02
High-Intensity High End Max High End
User (15) (8.6E-05) (150) Bystander 4.0803

Dermal exposure estimates are presented below and are based on the fraction absorbed model
within CEM 2.1. Se¢he SupplementadnalysisFile [Exposure Modeling Results and Risk
Estimates for Consumer Exposyrés exposure results and associated riskreges, including

those based on the permeability model within CEM 2.1.
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1083 Table 2-16 Estimated Dermal Exposure: Antifreeze

; Weight
Scenario Description Durat|or_1 of Use Fraction Receptor ADR
(min) (%) (mg/kg/day)
Acute
Adul t (021 ©°12E04
High-Intensity User H'Q(’;]Egnd (“{'g(’)() Children (1620 years) 4.80E04
Children (1115 years) 5.24E04

1084 2.1.3.5.3 Dish Soap
1085 Acute and chronic inhalation and dermal exposures taiby)ane present as a byproduct in dish
1086 soap were evaluated. Concentrations ofdigkane in dish soap range from 0.2 ppm (up
1087 to 0.2%). CEM 2.1 default inputs for hand dishwashing soap/ligaidesas the basis for
1088 duration of use andnAmerican Cleaning Institute exposure and risk screening methods
1089 documenserves as the basis fmass of product useturing hand dishwashin@he room of
1090 use (Zone 1) is a kitchen and the dermal surface area reflects both h&nds. dlution factor
1091 is applied. This scenario assumes immersive dermal conttet 0.7% distsoap solution
1092 during washing activities and may involve inhibited evaporation from the skin surface.
1093
1094 Inhalation exposure estimates are presented belowh&8&pplementanalysisFile
1095 [Exposure Modeling Results and Risk Estimates for Consumer Eggdsuexposure results
1096 and associated risk estimates.
1097
1098 Table 2-17 Estimated Inhalation Exposure: Dish Soap
Scenario Duration of Use Weight Mass Used Efgrug;[ 8':1_:,\/'\'13)( LADC
inti i i 3
Description (min) Fraction (9) Bystander | (mg/m?) (mg/m?)
Acute
3.0E-02
High-Intensity High End Max High End User
User (20) (2.04E-04) (84) Bystander | 5-4E-03
Chronic
High-Intensity High End Tgﬁggr?lcy High End User 7.1E-04
User (20) (2.A(E-05) (84
Moderate Central Tendency Tgre\:j]gg(l:y Tgrfggr?cl:y User 3.36-04
Intensity User (10) (2 40E-05) (48)
1099
1100 Dermal exposure estimates are presented below and are based on the permeability model within
1101 CEM 2.1. Se¢he SupplementanalysisFile [Exposure Modeling Results and Risk Estimates
1102 for Consumer Exposurg®or exposure results and associated risk estenateluding those
1103 based on the fraction absorbed model within CEM 2.1.
1104
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1105 Table 2-18 Estimated Dermal Exposure: Dish Soap
Weight

Scenario Description Duration of Use Fraction Receptor ADR LADD
(min) (%) (mg/kg/day) | (mg/kg/day)
Acute
Adult (0621 3I1E06
High-Intensity User ng(g(;i)nd @ 8A4Ei(04) Children (1620 years) 2.9E-06 -
Children (1115 years) 3.15-06
Chronic
: Central
High-Intensity User ng(goE)nd Tendency |Adul t (021 2.6E-07
(2.4CE-05)
Moderatelntensity Central Tendency Tgﬁggr?clzy Adult (0621 1.1E-07
User (10) (2.40E-05)

1106 2.1.3.5.1 Dishwashing Detergent

1107 Acute and chronic inhalation and dermal exposures taib}ane present as a byproduct in
1108 dishwashing detergent were evaluated. Concentrations-didxdne in dishwashing detergent
1109 range from 0.86 t8.7 ppm (up to 0.00%). CEM 2.1 default inputs for amachine dishwashing
1110 detergent (liquid/gel) were used as the basis for duration of use and mass of product used. The
1111 room of use (Zone 1) is a kitchen and the dermal surface area reflects 10% of hands. This
1112 scenario assumes brief dermal contact duringihggalctivities and is not expected to involve
1113 inhibited evaporation from the skin surface.

1114

1115 Inhalation exposure estimates are presented belowh&&pplementanalysisFile

1116 [Exposure Modeling Results and Risk Estimates for Consumer Exgjdsuegosure results
1117 and associated risk estimates.

1118

1119 Table 2-19 Estimated Inhalation Exposure: Dishwasher Detergent

Scenario Duration of Use Weight Mass Used Product 8-hr Max LADC
Description (min) Fraction (9) User or TWA (mg/m?3)
Bystander | (mg/m?®)
Acute
: . : ) User 6.9E-04
High-Intensity High End Max High End
User (50) (9.7E-06) (40) Bystander 1.2E-04
Chronic
High-Intensity High End Tgﬁggr?éy High End User 7.1E-05
User (50) (5E-06) (40)
Central Central
Moderate Central Tendency Terelgerr?cy Terelgerr?cy User 2.96-05
Intensity User (45)
(5E-06) (20)

1120
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1121
1122
1123
1124
1125
1126

1127

1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141

Dermal exposure estimates are presented below and are based on the fraction absorbed model
within CEM 2.1. Se¢he SupplementahnalysisFile [Exposure Modeling Results and Risk
Estimates for Consumer Exposyrés exposure results arassociated risk estimates, including
those based on the permeability model within CEM 2.1.

Table 2-20 Estimated Dermal Exposure: Dishwasher Detergent

. | Duration of uset |  Weight ADR LADD
Scenario Description . Fraction Receptor
(min) (%) (mg/kg/day) | (mg/kg/day)
Acute
Adult (0621 3&06
: : Max : 3.0E-06
High-Intensity User (2) (9.7E-06) Children (1620 years)
Children (1115 years) 85500
Chronic
Central
High-Intensity Use? Q) Tendency | Adul t (021 1.2£-06
(5E-06)
. Central
MOdeﬁ;‘Z'r”Zte”S'ty (1) Tendency | Adul t (021 9.9E:07
(5E-06)
1 The exposure duration applied for dermal exposures to dishwashing detergent were adjusted to 1 minute, as
scenario default exposure duration is based on the run time of a dishwasher, not on expected dermal contact
2 For this scenario, the distinct chronic dermal estimates are a result of a difference in frequency of use (365 d
for highrintensity users and 300 days/yr for modeiatensity users).

2.1.3.5.2 Laundry Detergent
Acute and chronic inhalation and dermapesures to 14lioxane present as a byproduct in
laundry detergent were evaluated. Concentrations edibyane in laundry detergent range from
0.05 to 14 ppm (up to 0.0014%). CEM 2.1 default inputs for laundry detergent (liquid) were used
as the basis faduration of use and mass of product used. The room of use (Zone 1) is a utility
room and the dermal surface area reflects both hands. A 1.6% dilution factor is applied. This
scenario assumes immersive dermal contettte 1.6% laundry detergent solutidaring hand
washing activities and may involve inhibited evaporation from the skin surface.

Inhalation exposure estimates are presented belovth&&pplementanalysisFile
[Exposure Modeling Results and Risk Estimates for Condtxpasurelfor exposure results
and associated risk estimates.

Table 2-21 Estimated Inhalation Exposure: Laundry Detergent

Scenario Duration of Use Weight Mass Used Product 8-hr Max LADC
Description (min) Fraction (9) User or TWA (mg/md)
P 9 Bystander (mg/m?3) 9
Acute
High End Max High End User 15803
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1142
1143
1144
1145
1146
1147
1148

1149

1150
1151
1152
1153
1154
1155
1156
1157

Scenario Duration of Use Weight Mass Used E?edrug: 8'.?(,\/'\16‘)( LADC
Description (min) Fraction (9) Bystander (mg/md) (mg/m?3)
High-Intensity (50) (1.4E05) (20) Bvstander 2.7E04
User y
Chronic
High-Intensity High End Tgr?(rj]gstl:y High End User 1.36-04
User (50) (6E-06) (20)
Central Central
Inlzﬂecr)\(ii;abeser Centra(l 4T5(§ndency Tendency Tendency User 7.1E-05
(6E-06) (10)

Dermal exposure estimates are presented below and are based on the permeability model within

CEM 2.1. Se¢he SupplementahnalysisFile [Exposure Modeling Results and Risk Estimates

for Consumer Exposurkfor exposure results and associated risk estsnateluding those
based on the fraction absorbed model within CEM 2.1.
Table 2-22 Estimated Dermal Exposure: Laundry Detergent
Scenario Description Duration of Use* ;/r\/aeégga Receptor ADR LADD
P (min) %) P (mglkg/day) | (mg/kg/day)
Acute
Adul t (621 48E07
. . High End Max . 45607
High-Intensity User (20) (1.4E05) Children (1620 years)
Children (1115 years) 4.9807
Chronic
. Central
High-Intensity User ng(goE)nd Tendency |Adul t (021 15807
(6E-06)
. Central
Moderatelntensity Central Tendency Tendency | Adul t (021 6.2E-08
User (10) (6E-06)

1 The exposure duration applied for dermal exposures to laundry detergent were adjusted to equal the default
times for dish soap, as this dermal exposure scenario is intended to approximate dermal contact from hand w
clothing, whereas theéefault exposure durations for the laundry detergent scenario are based on run times of th

washing machine.

duration of use and mass of product used. The room of use (Zone 1) is a bedroom and the dermal
surface area reflects the face, hands, and arms. This scenario assumes dermal contact during

2.1.3.5.3 Paints and Floor Lacquer
Acute inhalation and dermal exposures tedigkane present as a byproduct in paints or floor
lacquer were evaluated. Concentrations ofdigkane in paints and floor lacquer range from
0.02 to 30 ppm (up to 0.003%). Westat Survey data on latex paatused as the basis for

painting activities and is not expectednw@oalve inhibited evaporation from the skin surface.
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1158 Inhalation exposure estimates are presented belowh&&pplementanalysisFile

1159 [Exposure Modeling Results and Risk Estimates for Consumer Exgjdsuegosure results
1160 and associated risk estimates.

1161

1162 Table 2-23 Estimated Inhalation Exposure: Paints and Floor Lacquer

Scenario Duration of Use Weight Mass Used Product User 8'.?(/\/'\/*6‘)(
Description (min) Fraction (9) or Bystander (mg/m?)
Acute

User 2.0E02
High-Intensity 95" Percentile Max 95" Percentile
User (810) (3E-05) (26025) Bystander 7.5E03

1163

1164 Dermal exposure estimates are presented below and are based on the fraction absorbed model
1165 within CEM 2.1. Se¢he SupplementanalysisFile [Exposure Modeling Results and Risk

1166 Estimates for Consumer Exposyrés exposure results arassociated risk estimates, including
1167 those based on the permeability model within CEM 2.1.

1168
1169 Table 2-24 Estimated Dermal Exposure: Paints and Floor Lacquer
. Weight
Scenario Description Duratlorj of Use Fraction Receptor ADR
(min) (%) (mg/kg/day)
Acute
Adult (021 1.96E03
i . 95" Percentile Max . 1.85E03
High-Intensity User (810) (3E-05) Children (1620 years)
Children (1115 years) 2.03E03
1170
1171 2.1.3.5.4 Textile Dye

1172 Acute inhalation and dermal exposures todigkane present as a byproduct in textile dye were
1173 evaluated. An identified concentration of -Hibxane in textile dye is 4.7 ppm (up to 0.00047%).
1174 CEM 2.1 default inputs for textile and fabric dyes were usdti@basis for duration of use and
1175 mass of product used. The room of use (Zone 1) is a utility room and the dermal surface area
1176 reflects both hands. A 10% dilution factor is applied. This scenario assumes immersive dermal
1177 contactin the 10% dye solutioduring dyeing activities and may involve inhibited evaporation
1178 from the skin surface.

1179

1180 Inhalation exposure estimates are presented belowh&&pplementadnalysisFile

1181 [Exposure Modeling Results and Risk Estimates for Consumer Exgdsumgosure results
1182 and associated risk estimates.

1183
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1184

1185
1186
1187
1188
1189
1190
1191

1192

1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211

Table 2-25 Estimated Inhalation Exposure: Textile Dye

Scenario Duration of Use Weight Mass Used Product User 8'.?(/\/'\/*“
Description (min) Fraction (9) or Bystander (mg/m?)
Acute

User 8.5E04
High-Intensity High End Max High End
User (20) (4.7E-06) (100) Bystander 1.5604

Dermal exposure estimates are presented below and are based on the permeability model within
CEM 2.1. See¢he SupplementanalysisFile [Exposure Modeling Results and Risk Estimates

for Consumer Exposureor exposure results and associated risk estsnateluding those

based on the fraction absorbed model within CEM 2.1.

Table 2-26 Estimated Dermal Exposure: Textile Dye

. Weight
Scenario Description Duratlor_w of Use Fraction?! Receptor ADR
(min) (%) (mg/kg/day)
Acute
Adul t (021 64807
. . High End Max : 6.0E07
High-Intensity User (20) (4.7E06) Children (1620 years)
Children (1115 years) 6.5E07

2.1.3.5.5 Spray Polyurethane Foam
Acute inhalation and dermal exposures todigkane present as a byproducSiRFwere
evaluated. Concentrations of ddibxane in SPF range from <0.5 to 500 ppm (up to 0.05% in
mixed SPF) and the selected weight fraction aligns with that used in theatiooal exposure
assessment. Three rooms of use (Zone 1) were assumed: the basement, the attic, and the garage.
The dermal surface area reflects the face, hands, and arms. Duration of use is based on loading
rate and application surface area, but it aigrell with the durations assumed in the
occupational exposure assessment Aggeendix Afor more details). This scenario assumes
dermal contact during application activities and are not expected to involve inhibited evaporation
from the skin surface.

Whil e application of SPF insulation products
or DIY installation of SPF is possible. There are consumer products available that may expose
consumers (users and bystanders) tediggane.

Inhalation exposur estimates are presented below. tBeeSupplementanalysisFile

[Exposure Modeling Results and Risk Estimates for Consumer Exgjdsumgoosure results
and associated risk estimates.
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1212 Table 2-27 Estimated Inhalation Exposure: SPF

1213
1214
1215
1216
1217
1218
1219

1220

1221
1222
1223

Scenario Duration of Use Weight Mass Used Product User 8_.?(/\/'\/;\&)(
Description (min) Fraction (9) or Bystander (mg/m?)
Acute
Max User 89E‘01
Basemerit 360 453

( )2 (50504) Bystander 7.4E01
) MaX . User 19E‘01

Attic 360 4.5
(360% (5.0E:04) Bystander 7.1E02
. Max , User 1.6E01

Gara 180 2.5
g (180% (5.0E:04) Bystander 1.2E01

1 SPF scenarios are not described in the same manner as the other product scenarios, as they are bas
application areas: basement, attic, and garage, each with distinct air exchange rates and interzonal ver|
rates.

Durations of use agrddoitn dtetsecsrd bseade masr ifidhs ghthe ¢ 4
distribution; however, they are based on loading rates and application surface areas and align with occ
exposure scenario durations (excludingetifar setup and without considering multiple jobs per day).

8 Mass of use was not an input in MCCEM as it was in the CEM model. These masses instead reflect tf
mass of chemical released in each exposure setting. These were estimated usingakiasliagplication
surface areas, emission rate per square inch, and decay rate per hour. Please refer to the Sufipbdysnt

File [ConsumeExposureAssessmemilodeling Input Parametefgor more details.

Dermal exposure estimates are presented below and are based on the fraction absorbed model

within CEM 2.1. Se¢he SupplementalnalysisFile [Exposure Modeling Results and Risk

Estimates for Consumer Exposyrés exposure results and associated riskreges, including

those based on the permeability model within CEM 2.1.

Table 2-28 Estimated Dermal Exposure: SPF

Weight

. - Duration of Use . ADR
Scenario Description . Fraction Receptor
P (min) %) P (mg/kg/day)
Acute

5 At " Adult (021 1.0E03

asement, Attic, ax - 3
Garagé (360, 360, 180) (5.0E04) Chfldren (1620 years) 9.7E04
Children (1115 years) 1.0E03

1 SPF scenarios are not described in the same manner as the other product scenarios, as they arg
home application areas: basement, attic, and garage, each with distinct air exchange rates and in
ventilation rates. For dermal exposures, ¢hismo difference across these scenarios, as the maximut
fraction absorbed is estimated and applied for either duration (360 or 180 minutes).
Durations of wuse aarddoitn dtelsecgd bseale masr ifichs ghh
distribution; however, they are based on loading rates and application surface areas and align witl
occupational exposure scenario durations (excluding time farpsahd without considering multiple
jobs per day).

2.1.3.6 Assumptions and Key Sources of Uncertainty for Consumer Exposures

EPAGs approach recognizes the need to I
for such an analysis is variability versus uncertainppth aspects need to be addressed.
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1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269

Variability refers to the inherent heterogeneity or diversity of data in an assessment. Itis a
guantitative description of the range or spread of a set of values and is often expressed through
statistical metrics, such as variance or standard deviationmefledt the underlying variability

of the data. Uncertainty refers to a lack of data or an incomplete understanding of the context of
the risk evaluation decision. Variability cannot be reduced, but it can be better characterized.
Uncertainty can be reded by collecting more or better data. Quantitative methods to address
uncertainty include neprobabilistic approaches such as sensitivity analysis and probabilistic or
stochastic methods. Uncertainty can also be addressed qualitatively, by includicigsaidrsof
factors such as data gaps and subjective decisions or instances where professional judgment was
used. Uncertainties associated with approaches and data used in the evaluation of consumer
exposures are described below.

Deterministic vs. Stochdie

With deterministic approaches like the one applied in this evaluation of consumer exposure, the
output of the model is fully determined by the choices of parameter values and initial conditions.
Stochastic approaches feature inherent randomnesshsiiehgiven set of parameter values and
initial conditions can lead to an ensemble of different model outputs.

Aggregate Exposure

Background levels of 1;dioxane in indoor and outdoor air are not considered or aggregated in
this analysis therefore, there is a potential for underestimating consumer inhalation exposures,
particularly for populations living near a facility emitting ibxane or living in a home with

other sources of 1;dioxane, such as other iddbxanecontaining productstored and/or used in
the homesuch as personal care products that are not covered under. E8alkarly, inhalation

and dermal exposures were evaluated on a praghadific basis and are based on use of a single
product type within a day, not multipleqaucts.There was no aggregation of dermal and
inhalation exposurto single products either.

Dermal Exposure Approach

For dermal exposure scenarios using the permeability model that may involve dermal contact
with impeded evaporation based on profesal considerations of the formulation type and

likely use pattern, there is uncertainty surrounding the application of exposure durations for such
scenarios. The exposure durations modeled are based on reported durations of product use,
unless otherwisepgcified, and may not reflect reasonable durations of dermal contact with
impeded evaporation. The exposure duration modeled could exceed a reasonable duration of
such dermal contact with a wet rag, for example.

For scenarios using the absorption frattoodel that are less likely to involve dermal contact

with impeded evaporation, there is uncertainty surrounding the assumption that the entire mass
present in the thin film is absorbed and retained in the stratum corneum following a use event.
The fractonal absorption factor estimated based-masch and Bung@015 is intended to &

applied to the mass retained in the stratum corneum after exposure; it does not account for
evaporation from the skin surface during the exposure event. Therefore, the assumption that the
entire amount of chemical present in the thin film on the skiaseiis retained in the stratum
corneum may lead to uncertainty in the absorbed dose estimate.
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1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
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1284
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1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312

Product Concentration Data

The products evaluated are | argely based on
Formulation and Initial Assessment of Débxane(U.S.EPA, 2019. EPA conductedra
additionalsystematic review focused on identifying data ondigkane presence in consumer
products and associated exposures and/or emissions. Becadseane is present in consumer
products as a byproduct and not asrgredient, there is more uncertainty than typical when
identifying and using concentration informatidmlike other chemicals that are ingredients in
consumer products with readily available reported concentratiggesn SDSs for each product
categoy, 1,4dioxane concentrations have been sourced &oariety of primary andecondary
sources such as governmental risk assessments, SDSs, literature reviews, emission studies, etc.
There are limitedeasonablyavailable data and they are not necessadmplete or consistently
updated and general internet searches cannot guarantee entirely comprehensive product
identification. Therefore, it is possible that the entire universe of products that contain 1,4
dioxane as a byproduct may not have been ifiedtior that certain changes in the universe of
products may not have been captured, due to market changes or research linkatonsm
identified weight fractions were use@dacutehigh-intensity user scenarios and mean weight
fractions were used ichronic highintensity andnoderatentensity user scenarios, where

E

possible. While weight fractions are describe

maximum levels identified from available literature and other soaneeésnay not capture the

true maximum in specific produats batchesThere is uncertainty about how these means and
maximumsbroadly reflect typical products and there is also uncertainty about whether the true
upper end is captured in the ranges identified through the aeadabtcest-or the range of

weight fractions identified, sébe SupplementanalysisFile [ConsumeExposureAssessment
Modeling Input Parametels

Emission Rate

The highettier Multi-Chamber Concentration and Exposure Model (MCCEM) is used in the
estimation of inhalation exposures from SPF application only. For other product scenarios, key
data {.e., chamber emission data) were not reasonably available. Therefore, the model used
(CEM 2.1) estimates emission rate based on chemical properties estbamrofiles matching

the formulation type and use method.

The emission rate data derived from Karlovich e{z11) is based on occupationgtade

products, so there is some urtaarty surrounding the application to consumers. The product for
which 1,4dioxane emission data were collected is an apd#ifoam. The initial emission rate

and decay constant estimates were based on a modeled relationship, as measured emission data
were not available during application.

Dilution Factor

For most product scenarios, the dilution factor is not considered. For dish soap, laundry
detergent, and textile dye, all of which are expected to be used in aqueous solutions during hand
washing or dging activities, dilution factors are incorporated. For dish soap, a dilution factor of
0.7 is applied based on assuming a masx8af (~1 0z) is used in one gallon of water for hand
washing of dishes. For laundry detergent, a dilution factor of 1.6% is applied based on assuming
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a highend mass of 60 g (0z) is used in one gallon of water for hand washing of laundry. These
estimationsncorpaatea conservative water use assumption.

Chronic Exposure Estimations

Chronic (lifetime) inhalation and dermal exposures were estimated for four product scenarios:
surface cleaner, dish soap, dishwasher detergent, and laundry detergemtluBien of lifetime
exposure estimates for these conditions of use is based on the anticipated daihdailynaae

of these products. This differs from expected intermittent exposure passoaiated with the

other evaluated consumer conditionsisé. Lifetime exposure estimates are calculated assuming
the exposure event occurs for 365 or 300 days per year feehgybr central tendency
frequencies, respectively, for 57 yearhe exposure scenarios still assume one exposure event
per day and threfore may not capture users that continuously use products throughout the day.
This exposure is averaged oweeperiod of78 yearsThe models employed (CEM 2.1 and CEM)
typically utilize central tendency inputs for weight fraction, duration, frequemcyrass when
estimating lifetime exposures (S. EPA, 20194U.S. EPA, 207). Central tendency inputs for
weight fraction were used in estimating chronic exposures, acrossahigiimoderaténtensity

user scenarios.

2.1.3.7 Confidence in Consumer Exposure Estimates

The considerations and overall confidence ratings for the inhalation consumer exposure
scenarios are displayed Table2-29. Ratings are based on theesigth of the models employed,
as well as the quality and relevance of the modeling parameterization. CEM, CEM 2.1, and
MCCEM are peer reviewed, publicly available, and were designed to estimate inhalation and
dermal exposures from household uses of prisdared articles.

Systematic review identified several studies reporting emission rates or chamber concentrations
of 1,4dioxane from spray foam and paint products and findings as they relate to the current
evaluation are summarized AppendixA.3. Although measured chamber or test room
concentrations are not directly comparable to tie BWAs estimated for the various consumer
exposure scenarios, on the whole sthemission studies bolster confidence in the predicted air
concentrations for the SPF and paint and floor lacquer conditions of use.

The predicted $ir TWAs for SPF range from 160 to 890 pdfior users. These predicted
estimates fall within the rangeqalicted in Karlovich et a(2011) for samples measured at four
and 12 hours. Peppendieck et(aD17) also reported measured air concentrations that
encompass the modeled consumer exposure estimates, with concentrations frd@ainon
closedcell spray foam ranging from 500 to 1,000 ugtwer the first 48 hours. Won et al.
(2014 reported levels of 1;dioxane well below the CEM 2.1 predictions, from 0.25 to 44.68
pg/mat six hours for various insulation products including foam board anddwponent
open and closeetell spray foams.

The predicted $ir TWAs for paint and floor lacquer is 20 pgi/far users, which is roughly one

order of magnitude greater than concentrations measured in Woli2ét1a).(0.81 1.74 ug/mi

at six hours), but aligns witithe measured air concentration five hours after application of the
two-component epoxy floor paint (21 pghmThe predicted TWA also falls within the range of

air concentrations taken five hour sUpastudyer app

which reported levels from 7 to 460 ug/at five hours.
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Table 2-29 Overall Confidence Ratings for Consumer Inhalation Exposure Estimates

Consumer Product
Scenario

Overall Confidence
Acute

Overall Confidence
Chronic

Scenario-Specific Considerations

Overarching Considerations

Surface Cleaner

Moderate to High

Moderate

Duration and mass inputs obtained fro
the Westat Survey from its solvetype
cleaning fluids andlegreasers category
Weight fraction range obtained from
few sources.

Antifreeze

Moderate to High

NA

Duration and mass inputs obtained fro
CEM 2.1 scenarigpecific defaults.
Weight fraction range obtained from
few sources.

Dish Soap

Moderate to High

Moderate

Duration and mass inputs obtained fro
CEM 2.1 scenarigpecific defaults.
Weight fraction range obtained from
several sources.

Dishwasher Detergent

Moderate to High

Moderate

Duration and mass inputs obtained fro
CEM 2.1 scenarispecific defaults.
Exposure duration assumes user is in
room of use (kitchen) during the

mach neds run ti me
Weight fraction range obtained from
several sources.

Laundry Detergent

Moderate to High

Moderate

Duration and mass inputs obtained fro
CEM 2.1 scenarigpecific defaults.
Exposure duration assumes user is in
room of usgutility) during the
machinedés run tim
Weight fraction range obtained from
several sources.

Paint and Floor
Lacquer

High

NA

Duration and mass inputs obtained fro
the Westat Survey from its latex paint
category.

Weight fraction data obtainedoim
American Coatings Association public
submissior{Nekoomaram and
Wieroniey, 2015

Measured emission data align witthB8
TWA for users.

1

Thereis uncertainty
regarding how thenaximum
and mean frondentified
weight fractionsources
reflects theexisting ranger
captures actual maximum
concentrations

Use of CEM (not EM 2.1)
to estimate lifetime inhalatio
exposures (LADCs) did not
estimate exposure to
bystanders; however,
bystanders would be expose
to lower levels than the
presented user exposures
based on their placement in
the home during use (Zone
2).

Use of cental tendency
weight fractions for kronic
exposure scenaridwlsters
confidence, as it does not
assume use of the highest
identified concentratiodaily
or neardaily intervals over
57 years.

Pages3of 93


http://hero.epa.gov/index.cfm?action=search.view&reference_id=3986613
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3986613

Consumer Product
Scenario

Overall Confidence
Acute

Overall Confidence
Chronic

Scenario-Specific Considerations

Overarching Considerations

Textile Dye

Moderate

NA

Duration and mass inputs obtairfedm
CEM 2.1 scenarigpecific defaults.
Single weight fraction source.

SPF

High

NA

= (==

Initial emission rate and decay constar
are based on a modeled relationship.
No emission or concentration data wel
available for 1,4dioxane during
application.

Emission data on 1;dioxane from
Karlovich et al(2012) is from open cell
foam.

Duration inputs based on the SPF
occupational exposure assessment.
Application area specific air ekange
rates and ventilation rates applied.
Product and chemical specific emissio
rate applied.

Used highettier MCCEM model to
estimate air concentrations.

Weight fraction based on occupational
exposure assessment.
Measured and predicted emission datg
encompass predicted range ehB
TWASs for users.

The considerations and overall confidence ratings fodénsalconsumer exposure scenarios are display&alme2-30. Ratings

are based on the strength of the models employed, as well as the quality and relevance of the modeling parameteriZafisn. CEM
peer reviewed, publicly available, andsdesignedo estimate inhalation and dermal exposures from household uses of products and
articles.
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Table 2-30 Overall Confidence Ratings for Consumer Dermal Exposure Estimates

Consumer Product
Scenario

Overall Confidence
Acute

Overall Confidence
Chronic

Scenario-Specific Considerations

Overarching Considerations

Surface Cleaner

Moderate

Low to Moderate

Duration input obtained from the West
Survey from its solventype cleaning
fluids and degreasers category.
Exposure duration assumes dermal
contact may occur during the entire
activity duration.

Weight fraction range obtained from
few sources.

Antifreeze

Moderate

NA

Duration input obtained from CEM 2.1
scenariespecific defaults.

Exposure duration assumes dermal
contact may occur during the entire
activity duration.

Weight fraction range obtained from
few sources.

Dish Soap

Moderate

Low to Moderate

Duration input obtained from CEM 2.1
scenariespecific defaults.

Dilution fraction of 3% may be a
conservative assumption.

Weight fraction range obtained from
several sources.

Dishwasher Detergent

Moderate

Low to Moderate

Duration input obtained from CEM 2.1
scenariespecific defaults.

Exposure duration adjusted to one
minute to approximate contact time
during loading of liquid detergent.
Weight fraction range obtained from
several sources.

Laundry Detergent

Moderate

Low to Moderate

Duration input obtained from CEM 2.1
scenariespecifc defaults.

Exposure duration adjusted to equal d
soap exposure durations to approxima
contact time during hand washing of

laundry.

1

Thereis uncertainty
regarding how the maximum
and mean from identified
weight fractionsources
reflects theexisting ranger
captures actual maximum
concentrations

An estimated permeability
coefficient is used in dermal
modeling.

There are uncertainties
asso@ted with both dermal
models applied (see Section
2.4.3.9.

Use of central tendency
weight fractions for lronic
exposure scenaridmlsters
confidence, as it does not
assume use of the highest
identified concentratiodaily
or neardaily intervals over
57 years.
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Consumer Product
Scenario

Overall Confidence
Acute

Overall Confidence
Chronic

Scenario-Specific Considerations

Overarching Considerations

Chronic exposure scenario assumes
hand washing of laundry daily or near
daily.

Weight fraction range obtained from
several sources.

Paint and Floor
Lacquer

Moderate

NA

Duration and mass inputs obtained fro
the Westat Survey from its latex paint
category.

Exposure duration assumes dermal
contact may occur during the entire
activity duration.

Weight fraction data obtained from
American Coatings Association public
comment submissiofiNekoomaram and
Wieroniey, 205).

Textile Dye

Moderate

NA

Duration and mass inputs obtained fro
CEM 2.1 scenarispecific defaults.
Dilution fraction of 10% likely a
conservative assumption.

Single weight fraction source.

SPF

Moderate

NA

= (==

Duration inputs based on the SPF
occupational exposure assessment.
Exposure duration assumes dermal
contact may occur during the entire
activity duration.

Weight fraction based on occupational

exposure assessment.
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3 HAZARDS (EFFECTS)

Seveal of the points of departu(@ODs)for human health hazaptesented in the draft risk evaluatiererevisal in response to
peer review and public commeiithe PODs identified through desesponse analysis in theaft risk evaluation are summarized
below. These revised PODs are the basis for risk estimates presented in the risk characterization section.

3.1.1

Summary of Human Health Hazards

The results of the hazard identification and dasgonse are summarizedTiable3-1.

Table 3-1. Summary of Hazard Identification and DoseResponse Values

Exposure | Endpoint ez . Benchmark . .
POD/HEC/Slope Value Units b Basis for Selection Key Study
Route Type a MOE
Factor
Shortterm | Acute inhalation 283.5 mg/n? 300 Systemic liver effect; Study duration (Mattie et
Inhalation PODyec (UF.=10; UR = | relevant to worker shoterm exposures |al., 2019
3; UR = 10)
Shortterm Acute dermal PORp |[35.4 mg/kg/day |300
Dermal extrapolated from an (UF=10; UR =
inhalation study 3; UR = 10)
Non-Cancer |Human Equivalent 12.8 mg/n? 30 POD relevant for olfactory epithelium (Kasai et al.
Concentration (HEC) (UFa 3= 3; URy |effects {.e., metaplasia and atrophy) 2009
=10)
. Cancer Inhalation Unit Risk 1.18E06 |(pg/m)? Result of combined cancer modeling for | (Kasai et al.
Inhalation (IUR) N/A male rats (including liver) 2009
1.03E06 |(ug/m3)?t Result of combined cancer modeling for | (Kasai et al.
N/A male rats (excluding liver) 2009
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Hazard

E)I;posure S POD/HEC/Slope Value Units Benchml;a i Basis for Selection Key Study
oute Type E a MOE
actor
Non-Cancer |Human Equivalent Dos{1.6 mg/kg/day |30 POD for systemic effects in the nasal cay (Kociba et
(HED) extrapolated fron (UFa = 3; URy = |(respiratory metaplasia of thalfactory al., 1973
an inhalation study 10) epithelium) in male rats (Kasai et al.
2009
Human Equivalent Dos{ 2.6 mg/kg/day |30 PODs for hepatocellular and renal toxicity (Kano et al.,
(HED) extrapolated fron (UFA = 3; UFH |(degeneration and necrosis of renal tubul 2009;
oral studies =10) cells and hepatocyteBepatocellular mixed Kociba et al,
cell foci) following drinking water exposur (1974)
Dermal in male rat$
Cancer Cancer Slope Factor |1.2E01 |(mg/kgd)! | N/A Cancer model for liver tumors in female |(Kano et al.,
(CSF) extrapolated fron mice (the most sensitive sex/species); |2009
an oral study
Cancer Slope Factor |1.4502 |(mg/kgd)! |N/A Result of combined cancer modeling for | (Kasai et al.
(CSF) extrapolated fron male rats (including liver) 2009
an inhalation study . . )
1.2602 |(mg/kgd)® |N/A Result of combined cancer modeling for | (Kasai et al.
male rats (excluding liver) 2009

2HECs are adjusted from the study conditions as described above in Se2tén
bUFs = subchronic to chronic UF; UF= interspecies UF; UF= intraspecies UF; UF= LOAEL to NOAEL UF (U.S. EPA, 200}
¢Data from both drinking water studies independently arrived at the same POD for liver effects

N/A is shown in the benchmark MOE column for cancer endpoints because EPA did not use MOEs for cancer risks, se@.Sémtimore informaion.

Page58 of 93



http://hero.epa.gov/index.cfm?action=search.view&reference_id=62929
http://hero.epa.gov/index.cfm?action=search.view&reference_id=62929
http://hero.epa.gov/index.cfm?action=search.view&reference_id=193803
http://hero.epa.gov/index.cfm?action=search.view&reference_id=193803
http://hero.epa.gov/index.cfm?action=search.view&reference_id=594539
http://hero.epa.gov/index.cfm?action=search.view&reference_id=594539
http://hero.epa.gov/index.cfm?action=search.view&reference_id=62929
http://hero.epa.gov/index.cfm?action=search.view&reference_id=594539
http://hero.epa.gov/index.cfm?action=search.view&reference_id=594539
http://hero.epa.gov/index.cfm?action=search.view&reference_id=193803
http://hero.epa.gov/index.cfm?action=search.view&reference_id=193803
http://hero.epa.gov/index.cfm?action=search.view&reference_id=193803
http://hero.epa.gov/index.cfm?action=search.view&reference_id=193803
http://hero.epa.gov/index.cfm?action=search.view&reference_id=88824

4 RISK CHARACTERIZATION

4.1 Human Health Risk

4.1.1

Surface Water

Risk Estimate for Exposures from Incidental Exposure to 1,£Dioxane in

The following sections present the risk estimates for acute dermal and inhalqiasures that
may occur from incidental contact with surface water. Calculated MOE values below the
benchmark MOE (300) would indicate a potential safety concern.

Risks from acute oral exposure through incidental ingestion of surface water are si@blein
4-1. and risks from acute dermal exposure through swimming in surface water are shown in

Table 4-2.

Table 4-1. Risk from Acute Oral Exposure Through Incidental Ingestion of Water;
Benchmark MOE = 300

Surface Water DrlAanultng I\DA(/) ifr MOE
OES Facility/Data Source Concentration Child 11_15’ (Oral POD 35.4
(Ho/L) (mg/kg/dayy mg/kg/day)

Site-Specific Modelingi Estimated Surface Water Concentrations
Manufacturing BASF 9.7E+01 5.2E-04 6.8E+04
Industrial Uses Ineos Oxide 2.2E+02 1.2E03 3.0E+04
Industrial Uses Microdyn-Nadir Corp 7.2E+00 3.9E05 9.1E+05
Industrial Uses St Charles Operationg

(Taft/Star) Union 1.1E02 5.9E08 6.0E+08

Carbide Corp
Industrial Uses SUEZ Water

Technologies & 5.1E+03 2.7E02 1.3E+03

Solutions
Industrial Uses The Dow Chemical

Co- Louisiana 8.7E03 4,708 7.6E+08

Operations
Industrial Uses Union Carbide Corp

Institute Facility 3.3E+00 1.8E05 2.0E+06
Industrial Uses Union Carbide Corp

Seadrift Plant 2.4E+01 1.3E04 2.7E+05
Industrial Uses BASF Corp 3.4E01 1.8E06 2.0E+07
Industrial Uses Cherokee

Pharmaceuticals LLC 2.6E03 1.4E08 2.5E+09
Industrial Uses DAK Americas LLC 2 8E+01 1.5E04 2 AE+05
Industrial Uses Institute Plant 5.3E+00 2.8E05 1.3E+06
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Surface Water

Drinking Water

MOE

OES Facility/Data Source Concentration éﬂijltjelDl?ig’ (Oral POD 35.4
(Hg/L) (mg/kg/dayy mg/kg/day)
Industrial Uses Kodak Park Division 1.7E01 9.1E07 3.9E+07
Industrial Uses Pharmacia & Upjohn
(Former) 2.7E802 1.5607 2.4E+08
Industrial Uses Philips Electronics 1.0E01 5 4507 6.6E407
Plant
Industrial Uses Sanderson Gulch
Drainage 1.0E02 5.4E08 6.6E+08
Improvements
OpenSystem Ametek Inc. U.S.
Functional Fluids Gauge Div 4.0801 2.1E06 1.7e+07
Open System Lake Reg
Functional Fluids Med/Collegeville 1.3802 7.0E08 5.1E+08
Open System Pall Life Sciences Inc
Functional Eluids 4.3E02 2.3E07 1.5E+08
Open System Modeled Release
Functional Fluids Estimates 2.9E+00 1.5E05 2.3E+06
Spray Foam Modeled Release
Application Estimates 2.7E01 1.5E06 2.5E+07
Disposal Beacon Heights
Landfill 5.3E01 2.8E06 1.3E+07
Disposal Ingersoll
Rand/Torrington Fac 3.5E+00 1.9E05 1.9E+06
High-End of Submitted Monitoring Data i Measured Surface Water Concentrations
STORET 1.0E+02 5.4E04 6.6E+04
Sun et al. 2016 1.4E+03 7.5E03 4.7E+03
North Carolina
Department of 1.0E+03 5.5E03 6.4E+03
Environmental
Quality
Minnesota
Department of 4.4E+00 2.4E05 1.5E+06

Environmental
Quality

#Dose is based on high end incidental intake rate
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Table 4-2. Risk from Acute Dermal Exposure from Swimming; Benchmark MOE = 300

Surface Water Dermal Acute MOE
OES Facility/Data Source Concentration Dose, Adult (Dermal POD
(ug/L) (mg/kg/day) 35.4 mg/kg/day)

Site-Specific Modelingi Estimated Surface Water Concentrations
Manufacturing BASF 9.7E+01 3.6E05 9.9E+05
Industrial Uses Ineos Oxide 2.8E+02 8.0E-05 4.4E+05
Industrial Uses Microdyn-Nadir Corp 7.2E+00 2.7E06 1.3E+07
Industrial Uses St Charles Operationg

(Taft/Star) Union 1.1E02 4.1E09 8.6E+09

Carbide Corp
Industrial Uses SUEZ Water

Technologies & 5.1E+03 1.9E03 1.9E+04

Solutions
Industrial Uses The Dow Chemical

Co- Louisiana 8.7E03 3.2E09 1.1E+10

Operations
Industrial Uses Union Carbide Corp

Institute Facility 3.3E+00 1.2E06 2.9E+07
Industrial Uses Union Carbide Corp

Seadrift Plant 2.4E+01 8.9E06 4.0E+06
Industrial Uses BASF Corp 3.4E01 1.3E07 2 8E+08
Industrial Uses Cherokee

Pharmaceuticals LLC 2.6E03 9.7E10 3.6E+10
Industrial Uses DAK Americas LLC 2.8E+01 1.0B05 3.4E+06
Industrial Uses Institute Plant 5.3E+00 2.0E06 1.8E+07
Industrial Uses Kodak Park Division 1.7E01 6.3E08 5.6E+08
Industrial Uses Pharmacia & Upjohn

(Former) 2.7E02 1.0E08 3.5E+09
Industrial Uses Philips Electronics

P 1.0E01 3.7E08 9.6E+08

Plant
Industrial Uses Sanderson Gulch

Drainage 1.00E02 3.7E09 9.6E+09

Improvements
Open System Ametek Inc. U.S.
Functional Fluids Gauge Div 4.0801 1.5E07 2.4E+08
Open System Lake Reg
Functional Fluids Med/Collegeville 1.3802 4.8809 7.3E+09
Open System Pall Life Sciences Inc
Functional Fluids 4.3E02 1.6E08 2.2E+09
Open System Modeled Release
Functional Fluids Estimates 2.9E+00 1.1E06 3.4E+07
Spray Foam Modeled Release
Application Estimates 2.7801 10.0E08 3.6E+08
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Environmental
Quality

Surface Water Dermal Acute MOE
OES Facility/Data Source Concentration Dose, Adult (Dermal POD
(ug/L) (mg/kg/day) 35.4 mg/kg/day)
Disposal Beacon Heights
P el 5.3601 2.0E07 1.8E+08
Disposal Ingersoll
Rand/Torrington Fac 3.5E+00 1.3E06 2.8E+07
High-End of Submitted Monitoring Data i Measured Surface Water Concentrations
STORET 1.0E+02 3.7E05 9.6E+05
Sun et al. 2016 1.4E+03 5.2E04 6.8E+04
North Carolina
Department of 1.0E+03 3.8E04 9.3E+04
Environmental
Quality
Minnesota
Department of 4.4E+00 1.6E:06 2 2E+07

4.1.2

Risk Estimates for Exposures from Consumer Use df,4-Dioxane

The following sections present risk estimates for acute and chronic dermal and inhalation
exposures following consumer use of products contaibikglioxane.

4.1.2.1 Risk Estimation for Inhalation Exposures to 1,4Dioxaneas a byproductin

Consumer Products

Risks from acute and chronic inhalation exposure taligdane in consumer products are
shown inTable4-3., andTable4-4, respectively.

EPA evaluated risk from acute inhalation exposure usiP@R of 283.5 mg/rhbased on liver

toxicity reported inViattie et al (20129). Calculated MOE values below the benchmark MOE of

300 would indicate a consumer safety concern for acute exposures.

Table 4-3. Risks from Acute Inhalation Exposure to 1,4Dioxane in Consumer Products;
Benchmark MOE= 300

Consumer Condition of Use Scenario Receptor TVS:EX;;;} 3) MOE
Surface Cleaner High-Intensity User User 5.0E-03 5.7E+04
Bystander |9.5-04 3.0E+05
Antifreeze High-Intensity User User 1.6E02 1.8E+04
Bystander |4.0E-03 7.2E+04
Dish Soap High-Intensity User User 3.0E-02 9.3E+03
Bystander |5.4E-03 5.2E+04
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Dishwasher Detergent High-Intensity User User 6.9E-04 4.1E+05
Bystander |1.2E-04 2.3E+06
Laundry Detergent High-Intensity User User 1.5E03 1.9E+05
Bystander |2.7E-04 1.1E+06
Paint and Floor Lacquer High-Intensity User User 2.1E-02 14E+04
Bystander |7.5E-03 3.8E+04
Textile Dye High-Intensity User User 8.5E04 3.3E+05
Bystander |1.5E-04 1.9E+06
Spray Polyurethane Foam Basement User 8.9E01 317
Bystander |7.4E-01 384
Attic User 1.9E01 1.5E+03
Bystander |7.1E-02 4.0E+03
Garage User 1.6E01 1.7E+03
Bystander |1.2E-01 2.5E+03

For consumer products that are used regularly, EPA also evaluated chronic cancer risks. EPA
evaluated cancer risk from chronic inhalation exposure using an inhalation unit risk-@61.0E
(ug/m?) L. Calculated MOE values for chronic exposure above theecdmenchmark for

consumers (1 x 1% wouldindicate a consumer safety concern.

Table 4-4. Risks from Chronic Inhalation Exposure to 1,4Dioxane in Consumer Products.
Benchmark Cancer Risk = 1 x 16

Consumer _ Lifetime Average Daily _
Condition of Use Scenario Concentration Cancer Risk
(LADC, mg/m?3)

Surface Cleaner High-Intensity User 1.0E-03 1.0E-06
Moderatelntensity User 5.6E-04 5.6E-07

Dish Soap High-Intensity User 7.1E-04 7.1E07
Moderatelntensity User 3.36-04 3.36-07

Dishwasher High-Intensity User 7.1E-05 7.1E-08
Detergent Moderatelntensity User 2.96-05 2.9e-08
Laundry Detergent |High-Intensity User 1.36-04 1.36-07
Moderatelntensity User 7.1E-05 7.1E-08

Bold: Cancer risk exceeds the benchmark of 1% 10

4.1.2.2 Risk Estimation for Dermal Exposure to 1,4Dioxane in Consumer Products

Risks from acute and chronic dermal exposure taligdane in consumer products are shown in
Table4-5., andTable4-6, respectively.
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EPA evaluated risk from acute dermal exposure using a®@b.4 mg/kg/day based on liver
toxicity reported inViattie et al (20129). Cdculated MOE values below the benchmark MOE of
300 would indicate a consumer safety concern for acute exposures.

Table 4-5. Risks from Acute Dermal Exposure to 1,4Dioxane in Consumer Products;
Benchmark MOE=300

Consurgfebcstgndition Scenario Receptor AC(L:;Z /Egzjz;ate MOE
Surface Cleaner High-Intensity User Adult (021]|7.7606 4.6E+06
Child (16-20 years) 7.2E06 4 .9E+06
Child (11-15 years) 7.9E06 4 5E+06
Antifreeze High-Intensity User Adult (021|51E04 6.9E+04
Child (1620 years) 4.8E04 74E+04
Child (11-15 years) 5.2E04 6.8E+04
Dish Soap High-Intensity User |[Adul t ( 021 |3.1E06 1.2E+07
Child (16-20 years) 2.9E06 1.2E+07
Child (11-15 years) 3.1E-06 1.1E+07
Dishwasher Detergen| High-Intensity User Adul t (021 |3.2E06 1.1E+07
Child (1620 years) 3.0E-06 1.2E+07
Child (12-15years) 3.3E-06 1.1E+07
Laundry Detergent | High-Intensity User |[Adul t ( O2 1 |4.8E07 7 4E+07
Child (16-20 years) 4.5E07 7 .9E+07
Child (11-15 years) 4907 7.2E+07
Paint and Floor High-Intensity User Adul t (02120603 1.8E+04
Lacquer Child (1620 years) | 1.9E-03 1.9E+04
Child (11-15 years) 2.0e03 1.7E+04
Textile Dye High-Intensity User Adult ( 021|64E07 5.6E+07
Child (16-20 years) 6.0E-07 5.9E+07
Child (12-15 years) 6.5E07 5.4E+07
SprayPolyurethane |Basement, Attic or Adult (021]|1.0E03 3.5E+04
Foam Garage -
Child (1620 years) 9.7E04 3.7E+04
Child (11-15 years) 1.1E-03 3.3E+04

For consumer products that are used regularly, EPA also evaluated chronic cancer risks. EPA
evaluated cancer risk from chronic inhalation exposure using a dermal cancer slope factor of
0.12(mg/kgd)?™. Calculated MOE values for chronic exposure alibeecancer benchmark for
consumers (1 x 16) would indicate a consumer safety concern.
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Table 4-6. Risks from Chronic Dermal Exposure to 1,4Dioxane in Consumer Products.
Benchmark Cancer Risk = 1 x 1¢

ConsumelrJ ggndition of Scenario Lifetime AD\gzr:ge Daily %?gggréicstlgr(ga(l)nig;
(mg/kg/day) ’

Surface Cleaner High-Intensity User 5.6E-06 6.7E07
Moderatelntensity User 2.3E06 2.8E-07

Dish Soap High-Intensity User 2.6E-07 3.2E-08
Moderatelntensity User 1.1E-07 1.35-08

Dishwasher Detergent | High-Intensity User 1.2E06 1.4E07
Moderatelntensity User 9.9E07 1.2E-07

Laundry Detergent High-Intensity User 1.5E-07 1.8E-08
Moderatelntensity User 6.2E08 7.4£09

4.2 Risk Conclusions

4.2.1 Summary of Human Health Risk

4.2.1.1 Summary of Risk for the General Population
EPA considered reasonably available information to characterize general population exposures
and risk.

Table 4-7. summarizes potentiaisks from acutexposuregrom incidental ingestion of or

dermal contact with 1;dioxane in surface water. Calculated MOE values below the benchmark
MOE (300) would indicate a potential safety concern. None of the surface water concentration
estimates indicatasks fromacute exposurds the general population. EPA did not identify
releases to surface waters from OESs that are not included in this table (including for
import/repackaging, recycling, film cement, gy inks, dry film lubricard, and laboratory
chemicaluse).

Table 4-7. Summary of Human Health Risks from Incidental Exposure to 1,4Dioxane in
Surface Waters

Acute MOE Acute MOE
OES Facility/Data Source Oral Exposure Dermal Exposure
Benchmark= 300 | Benchmark = 300

Site-Specific Modelingi Estimated Surface Water Concentrations

Manufacturing BASF 6.8E+04 9.9E+05
Industrial Uses Ineos Oxide 3.0E+04 4.4E+05
Industrial Uses Microdyn-Nadir Corp 9.1E+05 1.3E+07
Industrial Uses St Charles Operatior(3 aft/Star) Union

Carbide Corp 6.0E+08 8.6E+09
Industrial Uses SUEZ Water Technologies & Solutions 1.3E+03 1.9E+04
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OES

Facility/Data Source

Acute MOE
Oral Exposure

Benchmark= 300

Acute MOE

Dermal Exposure
Benchmark = 300

Industrial Uses

The Dow Chemical CeLouisiana

. 7.6E+08 1.1E+10
Operations
Industrial Uses Union Carbide Corp Institute Facility 2.0E+06 2. 9E+07
Industrial Uses Union Carbide Corp Seadrift Plant 2 7E+05 4.0E+06
Industrial Uses BASF Corp 2.0E+07 2.8E+08
Industrial Uses Cherokee Pharmaceuticals LLC 2 5E+09 3.6E+10
Industrial Uses DAK Americas LLC 2.4E+05 3.4E+06
Industrial Uses Institute Plant 1.3E+06 1.8E+07
Industrial Uses Kodak Park Division 3.9E+07 5.6E+08
Industrial Uses Pharmacia & Upjohn (Former) 2 4E+08 3.5E+09
Industrial Uses Philips Electronics Plant 6.6E+07 9.6E+08
Industrial Uses SandersoiGulch Drainage Improvement 6.6E+08 9.6E+09
Open System Ametek Inc. U.S. Gauge Div
Functional Fluids 1.7B+07 2.4E+08
Open System Lake Reg Med/Collegeville
Functional Fluids 5.1E+08 7.3E+09
Open System Pall Life Sciences Inc
Functional Fluids 1.5E+08 2.2E+09
Open System Modeled Release Estimates
Functional Fluids 2.3E+06 3.4E+07
Spra_y Fpam Modeled Release Estimates 2 BE407 3. 6E+08
Application
Disposal Beacon Heights Landfill 1.3E+07 1.8E+08
Disposal Ingersoll Rand/Torrington Fac 1.9E+06 2.8E+07
High-End of Submitted Monitoring Data i Measured Surface Water Concentrations
STORET 6.6E+04 9.6E+05
Sun et al. 2016 4 7E+03 6.8E+04
North Carolina Department of
Environmental Quality 6.4E+03 9.3E+04
MinnesotaDepartment of Environmental 1 5E+06 2 2E+07

Quality

4.2.1.2 4.6.2.2Summary of Risk for Consumer Users and Bystanders

Table 4-8. summarizes risk estimates for inhalation and dermal exposures for all consumer

exposure scenarios. Risk estimates that indicate potential. eeisKMOESs less than the

benchmark MOE or cancesks greater than the cancer risk benchmark) are highlighted by
bolding the number and shading the cell in gray. The consumer exposure assessment and risk

characterization are described in more detail in Secl@gh8and4.2.3 respectively.
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Table 4-8. Summary of Human Health Risks from Consumer Exposures

Dermal Risk Estimates

Inhalation Risk Estimates

d Chronic Acute MOE Chronic
Assesse Scenario Acute MOE Cancer HEC = 284 ;
Category Condition of Use Descriptor Receptor Benchmark = Riska mg/m? (éancir R'Skka_
300 Benchmark | Benchmark = enlcE_rggr -
= 1E-06 300
Paints and Paint and Floor | High-Intensity User | Adult
Coatings Lacquer (021 yedq 18E+04 NA 1.4E+04 NA
High-Intensity User | Child
High-Intensity User | Child
(11_15 years) 1.7E+04 NA NA NA
High-Intensity User | Bystander
NA NA 3.8E+04 NA
Cleaning and Surface Cleaner | High-Intensity User | Adult 4.6E406 6.7E-07 5 7E404 1 .0E-06
Furniture Care (021 yed ' ' ' '
Products Moderatelntensity | Adult NA 2 8E07 NA 5 6E-07
User (021 yead ' '
High-Intensity User | Child
(16:20 years) 4.9E+06 NA NA NA
High-Intensity User | Child
(11-15 years) 4.5E+06 NA NA NA
High-Intensity User | Bystander NA NA 3.0E+05 NA
Laundry and Dish Soap High-Intensity User | Adult
Dishwashing (621 yea 1.2E+07 3.2E-08 9.3E+03 7.1E-07
Products Moderatelntensity | Adult
User ( 621 y e a NA 1.3E-08 NA 3.36-07
High-Intensity User | Child
(16:20 years) 1.2E+07 NA NA NA
High-Intensity User | Child
(11-15 years) 1.1E+07 NA NA NA
High-Intensity User | Bystander NA NA 5.2E+04 NA
Dishwasher High-Intensity User | Adult
Detergent ( 02 1 y e a 1.1E+07 1.4E-07 4.1E+06 7.1E08
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Dermal Risk Estimates

Inhalation Risk Estimates

d Chronic Acute MOE Chronic
Assesse Scenario Acute MOE Cancer HEC =284 :
Category Condition of Use Descriptor Receptor Benchmark = Risk? mg/m?3 gamﬁr R'Skka_
300 Benchmark | Benchmark = enlcE_rggr -
= 1E-06 300
Moderatelntensity | Adult
User (021 yea NA 1.2E07 NA 2.9E08
High-Intensity User | Child
(16-20 years) 1.2E+07 NA NA NA
High-Intensity User | Child
(11_15 years) 1.1E+07 NA NA NA
High-Intensity User | Bystander
NA NA 2.3E+06 NA
Laundry Detergent High-Intensity User | Adult 7 AE+07 1.86-08 1.9E+05 1.35-07
(021 yea ' ' ) )
Moderatelntensity | Adult
User (021 yea NA 7.4E-09 NA 7.8E-08
High-Intensity User | Child
(16-20 years) 7.9E+07 NA NA NA
High-Intensity User | Child
(11-15 years) 7.2E+07 NA NA NA
High-Intensity User | Bystander NA NA 1.1E+06 NA
Arts, Crafts, Textile Dye High-Intensity User | Adult
and Hobby (021 yea 5.6E+07 NA 3.4E+05 NA
Materials High-Intensity User | Child
(16-20 years) 5.9E+07 NA NA NA
High-Intensity User | Child
(11-15 years) 5.4E+07 NA NA NA
High-Intensity User | Bystander NA NA 1.9E+06 NA
Other Spray Polyurethan{ Basement Adult
Consumer Uses Foam (021 yead 3.5E+04 NA 317 NA
Bystander NA NA 384 NA
Child
(16-20 years) 3.7E+04 NA NA NA
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Dermal Risk Estimates Inhalation Risk Estimates
g Chronic Acute MOE Chronic
Assesse Scenario Acute MOE Cancer HEC = 284 ;
Category Condition of Use Descriptor Receptor Benchmark = Risk? mg/m? Cancer Risk
_ | Benchmark =
300 Benchmark | Benchmark = 1E-06
=1E-06 300
Child
(11-15 years) 3.3E+04 NA NA NA
Attic Adult
(621 yea 3.5E+04 NA 1.5E+03 NA
Bystander NA NA 4.0E+03 NA
Child
(16:20 years) 3.7E+04 NA NA NA
Child
(11-15 years) 3.3E+04 NA NA NA
Garage Adult
(021 vyea 3.5E+04 NA 1.7E+03 NA
Bystander NA NA 2.5E+03 NA
Child
(16-20 years) 3.7E+04 NA NA NA
Child
(11-15 years) 3.3E+04 NA NA NA
Antifreeze High-Intensity User | Adult 6.9E+04 NA 1 8E+04 NA
(021 yed
High-Intensity User | Child
(16-20 years) 7.4E+04 NA NA NA
High-Intensity User | Child
(11-15 years) 6.8E+04 NA NA NA
High-Intensity User | Bystander NA NA 7.2E+04 NA

NA= Not Applicable
2Risks from chronic exposure were evaluated only for consumer products that are used regularly
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5 RISK DETERMINATION

5.1 0verview

In each risk evaluation under TSCA Section 6(b), EPA determines whether a chemical substance
presents an unreasonable risk of injury to health or the environment, under the conditions of use. These
determinations do not consider costs or othermskfadors. In making these determinations, EPA
considers relevant ristelated factors, including, but not limited to: the effects of the chemical substance
on health and human exposure to such substance under the conditions of use (including cancer and non
carcer risks); the effects of the chemical substance on the environment and environmental exposure
under the conditions of use; the population exposed (including any potentially exposed or susceptible
subpopulations (PESS)); the severity of hazard (inclutfiaghature of the hazard, the irreversibility of
the hazard),; and uncertainties. EPA takes into
the risk estimate. This includes an evaluation of the strengths, limitations, and uncertaintiatealssoci

with the information used to inform the risk estimate and the risk characterization.

This section describes tleaft unreasonable risk determinatidios the conditions of use inith
supplemental analysis

5.1.1 Human Health
EPA identified cancer andn-cancer adverse effects from acute and chronic inhalation and dermal
exposure to 14lioxane from the conditions of use described in this supplemental an@itysisealth
risk estimates fothe conditions of usén this supplemental analysase inSecton 4 (Table4.8).

For ths supplemental analysiEPA identified as Potentially Exposed or Susceptible Subpopulations:
consumers and bystanderg;luding men, womerand children of any age

EPA evaluated exposuresdonsumer users afystandersising reasonably available modeling data of
inhalation and dermal exposures, as applicable. For example, EPA assunbgdttraterslo not have

direct contact with 14lioxane; thereforanon-cancer effects and cancer from dermal exposuregio 1
dioxaneare not expected arndere not evaluatefibr bystandersAlso, EPA did not estimate chronic
inhalation exposures to bystanddrewever, bystanders would be exposed to lower levels than the user
based on the model bystander placement inthe ldome i ng t h e.Tigedesdiptiontofitlee u s e
data used for human health exposure is in Segtitincertainties in the analysis are discussaove

and areconsidered in thdraftunreasonable risk determination for each condition of use presented
below.

EPA considered reasonably available information and environmental fate properties to characterize
general population exposure from surface water via the oral and dermal routes. EPA does not expect
general population exposure frdish consumptionEPAS draftunreasonable risk determination for the
general population is presented bel@®#A did not evaluate risks to the general population from
ambient aiy drinking waterandsedimenpathways for any conditions of use, and dh&ft unreasonable
risk determinations do not account Exposureso the general population from ambient dirinking
water,andsedimenpathways.
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5.1.1.1 Non-Cancer Risk Estimates
The risk estimates of nerancer effects (MOES) refers to adverse health effects associated witth healt
endpoints other than cancer, including to the
effects, cardiac and lung effects, and kidney and liver effects. The MOE is the point of departure (POD)
(an approximation of the robserved adversdfect level (NOAEL) or benchmark dose level (BMDL))
for a specific health endpoint divided by the exposure concentration for the specific scenario of concern.

The MOEs are compared to a benchmark MOE. The benchmark MOE accounts for the total uncertainty
in a POD The benchmark MOE for 1dioxane for acute exposures is 100 (accounting for interspecies
and intraspecies variability and LOAHEb-NOAEL uncertainty), while the benchmark MOE for chronic
exposures is 30 (accounting for interspecies and intrespeariability).

5.1.1.2 Cancer Risk Estimates
Cancer risk estimates represent the incremental increase in probability of an individual in an exposed
population developing cancer over a lifetime (excess lifetime cancer risk (ELCR)) following exposure to
the chenical. Standard cancer benchmarks used by EPA and other regulatory agencies are an increased
cancer risk above benchmarks ranging from 1 in 1,000,000 to 1 in 12®00x10° to 1x10%
depending on the subpopulation expose.thissupplemental analysi&PA used 1x18as the
benchmark fothe cancer risk to consumers from consumermfiskeaning and furniture care products
and laundry and dishwashing products.

Thebenchmark oflx10° is not a bright line and EPA has discretion to make unreasonable risk
determinations based on other benchmarks as appropriate.

5.1.1.3 Determining Unreasonable Risk to Injury Health
Calculated risk estimates (MOEs or cancer risk estimates) can provsikepaatiile by presenting a
range of estimates for different health effects for different conditions of use. A calculated MOE that is
less than the benchmark MOE supports a determination of unreasonable risk of injury to health, based
on noncancer effectsSimilarly, a calculated cancer risk estimate that is greater than the cancer
benchmark supports a determination of unreasonable risk of injury to health from cancer. Whether EPA
makes a determination of unreasonable risk depends upon othexlaigkd fators, such as the endpoint
under consideration, the reversibility of effect, exposetated considerations.g, duration,
magnitude, or frequency of exposure, or population exposed), and the confidence in the information
used to inform the hazard aegposure values.

EPA may make a determination of no unreasonabl

hazard and exposure potential, or where thergtited factors described previously, lead the Agency to
determine that the risks are noireasonable.
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5.2 Detailed Draft Unreasonable Risk Determinations by Condition of
Use

Table 5-1. Categories and Subcategories of Conditions of Use Included in tieipplemental
Analysis

Life Cycle Stage Category? Subcategory® Unreasonable Risk
Consumer uses Arts, Crafts, and Textile dye No
Hobby Materials
Automotive care Antifreeze No
products
Cleaning and furniture| Surface cleaner No
care products
Laundry and Dish soap No
dishwashing products
Dishwasher detergent No
Laundrydetergent No
Paints and coatings |Paint and floor lacquer No
Other uses Spray polyurethane foam No

5.2.1 Consumer usé Arts, crafts and hobby materialsi Textile dye

Section 6(b)(4)(A) unreasonable risk determination for the consumer lisedibxane in textile dye
Does not present an unreasonable risk of injury to health (consumers and bystanders).

For consumers, EPA found that there was no unreasonable risk-ocanoer effects (liver toxicity)

from acute inhalation or dermal expossied the higkintensity use. For bystanders, EPA found that
there was no unreasonable risk of yuamcer effects (liver toxicity) from acute inhalation exposures at
the high intensity use.

EPAG6s deter minati on tdiboxarte intekteedyecdoes soupmesentaru s e o f
unreasonable risk is based on the comparison of the risk estimates-franuen effects to the
benchmarks (Tablé.8) and other considerations. As explained in Section 5.1., EPA considered the
health effects of 14lioxane, thexposures from the condition of use, and the uncertainties in the
analysis (Section 4):
1 Chronicexposuresvere not evaluated for this condition of use because daily use intervals are
not reasonably expected to occur.

1,

1 Inhalation exposures to consumers and bystanders were evaluated with the Consumer Exposure

Model Version 2.1 (CEM 2.1). The magnitude of inhalation exposures to consumers and
bystanders depends on several factors, including the concentratiordodXgdein products

used, use patterns (including frequency, duration, amount of product used, room of use, and
local ventilation), and application method.
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1 Dermal exposures to consumers were evaluated with the CEM (Fraction Absorbed). Dermal
exposures to consumseresult from dermal contact not involving impeded evaporation while
using the product. The magnitude of dermal exposures depends on several factors, including
skin surface area, film thickness, concentration ofdiggane in product used, dermal exp@sur
duration, and estimated fractional absorption.

In summary, the risk estimates, the health effects eflib¥ane, the exposures, and consideration of
uncertainties support EPAG6s determination that
(consumers and bystanders) from the consumer use daigyéne in textile dye.

5.2.2 Consumer useé Automotive care productsi Antifreeze

Section 6(b)(4)(A) unreasonable risk determination for the consumer usedibiafhe in antifreeze
Does not present an unreasonable risk of injury to health (consumers and bystanders).

For consumers, EPA found that there was no unreasonable risk-oanoer effects (liver toxicity)

from acute inhalation or dermal exposures at the-iggnsity ug. For bystanders, EPA found that
there was no unreasonable risk of ywamcer effects (liver toxicity) from acute inhalation exposures at
the high intensity use.

EPAG6s deter minati on tdioxarte intrtifeeeze doesat presentan s e of 1,
unreasonable risk is based on the comparison of the risk estimates-franuen effects to the
benchmarksTable 4.8 and other considerations. As explained in Section 5.1., EPA considered the
health effects of 14lioxane, the exposures from the comitof use, and the uncertainties in the
analysis (Section 4):

1 Chronicexposuresvere not evaluated for this condition of use because daily use intervals are
not reasonably expected to occur.

1 Inhalation exposures to consumers and bystanders were evalithtéte Consumer Exposure
Model Version 2.1 (CEM 2.1). The magnitude of inhalation exposures to consumers and
bystanders depends on several factors, including the concentratiordadXgde in products
used and use patterns (including frequency, duratimount of product used, and local
ventilation).

1 Dermal exposures to consumers were evaluated with the CEM (Fraction Absorbed). Dermal
exposures to consumers result from dermal contact not involving impeded evaporation while
using the product. The magmile of dermal exposures depends on several factors, including
skin surface area, film thickness, concentration ofdiggane in product used, dermal exposure
duration, and estimated fractional absorption.

In summary, the risk estimates, the healthat$fef 1,4dioxane, the exposures, and consideration of
uncertainties support EPAG6s determination that
(consumers and bystanders) from the consumer use-didkdne in antifreeze.

5.2.3 Consumer use Cleaningand furniture care products -- Surface cleaner

Section 6(b)(4)(A) unreasonable risk determination for the consumer usedibiase in general
purpose cleaner®oes not present an unreasonable risk of injury to health (consumers and bystanders).
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For consumer<PA found that there was no unreasonable risk ofaamer effects (liver toxicidy

from acute inhalation or dermal exposures or of cancer from chronic inhalation or dermal exposures at
the high intensity usé-or bystandersEPA found that there was no unreasonable risk ofcamicer

effects (liver toxicity) from acute inhalation exposures at the high intensity use.

EPAOGs det er mconsaner usah 1l 4dibxartein quitiaee cleaner does not presamt
unreasonablesk is based on the comparison of the risk estimates fecancer effectand cancer to
the benchmarkglable 4.8 and other considerations. As explairddve EPA considered the health
effects of 1,4dioxane, the exposures from the condition of asé, the uncertainties in the analysis
(Section 4):

1 Inhalation exposures to consumers and bystanders were evaluated with the Consumer Exposure
Model Version 2.1 (CEM 2.1). The magnitude of inhalation exposures to consumers and
bystanders depends on sevéaalors, including the concentration of Hixane in products
used and use patterns (including frequency, duration, amount of product used, and local
ventilation).

1 Dermal exposures to consumers were evaluated with the CEM (Fraction Absorbed). Dermal
exposures to consumers result from dermal contact not involving impeded evaporation while
using the product. The magnitude of dermal exposures depends on several factors, including
skin surface area, film thickness, concentration ofdiggane in product &sl, dermal exposure
duration, and estimated fractional absorption.

In summary, the risk estimates, the health effects eflibdane, the exposures, and consideration of
uncertainties support Bd&AuAéasonablerisleafinutonhedith on t hat
(consumersaind bystandejydrom the consumer use of icdoxane in surface cleaner.

5.2.4 Consumer useé Laundry and dishwashing productsi Dish soap

Section 6(b)(4)(A) unreasonable risk determinatiortHerconsumer use @f4-dioxanein dish soa:
Does not present an unreasonable risk of injury to health (consumers and bystanders).

For consumer<£PA found that there was no unreasonable risk ofaamcer effects (liver toxici)y

from acute inhalation or dermal exposures or of cancer from chronic inhalation or dermal exposures at
the high intensity usé-or bystandersEPA found that there was no unreasonable risk ofcaocer

effects (liver toxicity) from acute inhalation expwss at the high intensity use.

EPAG6s det er mconsaner usaf 1,4tdibxartein dish goap does not presant

unreasonable risk is based on the comparison of the risk estimates-franuen effectand cancer to

the benchmarkgérable 4.8 and other considerations. As explairsdabve EPA considered the health
effects of 1,4dioxane, the exposures from the condition of use, and the uncertainties in the analysis
(Section 4):

1 Inhalation exposures to consumers and bystanders were evaluatétevidiinsumer Exposure
Model Version 2.1 (CEM 2.1). The magnitude of inhalation exposures to consumers and
bystanders depends on several factors, including the concentratiordadxXgde in products
used and use patterns (including frequency, duratmaoyat of product used, and local
ventilation).

1 Dermal exposures to consumers were evaluated with the CEM (Fraction Absorbed). Dermal
exposures to consumers result from dermal contact not involving impeded evaporation while
using the product. The magnitudkdermal exposures depends on several factors, including
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201 skin surface area, film thickness, concentration ofdiggane in product used, dermal exposure
202 duration, and estimated fractional absorption.

203

204 In summary, the risk estimates, the health effetis4-dioxane, the exposures, and consideration of

206 uncertainties support Bd&uAréasonable riskeaf imurytahealtton t h a't
206 (consumersind bystandejydrom the consumer use of icdoxane in dish soap.

207

208 5.2.5 Consumer usé Laundry and dishwashing productsi Dishwasher detergent

209 Section 6(b)(4)(A) unreasonable risk determinatiortierconsumer use @f4-dioxanein dishwasher
210 detergentDoes not present an unreasonable risk of injury to health (consumers and bystanders).
211

212  For consumer<€kPA found that there was no unreasonable risk ofaamcer effects (liver toxicidy

213 from acute inhalation or dermal exposures or of cancer from chronic inhalation or dermal exposures at
214  the high intensity usd-or bystandersEPA found thathere was no unreasonable risk of foamcer

215 effects (liver toxicity) from acute inhalation exposures at the high intensity use.

216

217 EPAG6s det er mconsamer usal 1,4tdibxartein dishveasher detergent does not presant
218 unreasonable risk is bad on the comparison of the risk estimates foraacer effectand cancer to
219 the benchmarkéTable 4.8 and other considerations. As explaimdabve EPA considered the health
220 effects of 1,4dioxane, the exposures from the condition of use, and tlextamties in the analysis
221 (Section 4):

222 1 Inhalation exposures to consumers and bystanders were evaluated with the Consumer Exposure
223 Model Version 2.1 (CEM 2.1). The magnitude of inhalation exposures to consumers and

224 bystanders depends on several faciadyuding the concentration of tdloxane in products

225 used and use patterns (including frequency, duration, amount of product used, and local

226 ventilation).

227 1 Dermal exposures to consumers were evaluated with the CEM (Fraction Absorbed). Dermal
228 exposures teconsumers result from dermal contact not involving impeded evaporation while
229 using the product. The magnitude of dermal exposures depends on several factors, including
230 skin surface area, film thickness, concentration ofiggane in product used, derngdposure

231 duration, and estimated fractional absorption.

232

233 In summary, the risk estimates, the health effects eflibdane, the exposures, and consideration of

234 uncertainties support Bd&uAréasonable rislkeaf imuryteahtfal on t hat
235 (consumersind bystandejydrom the consumer use of icdoxane in dishwasher detergent.

236

237 5.2.6 Consumer use Laundry and dishwashing productsi Laundry detergent

238 Section 6(b)(4)(A) unreasonable risk determination for the consumer useddiashe in laungy

239 detergentDoes not present an unreasonable risk of injury to health (consumers and bystanders).

240

241 For consumers, EPA found that there was no unreasonable risk-oanoer effects (liver toxicity)

242  from acute inhalation or dermal exposures or of cafmoar chronic inhalation or dermal exposures at

243  the high intensity use. For bystanders, EPA found that there was no unreasonable riskaoiceon

244  effects (liver toxicity) from acute inhalation exposures at the high intensity use.

245

246 E P A determination that the consumer use ofdigkane in laundry detergent does not present an

247 unreasonable risk is based on the comparison of the risk estimates-fanuen effects and cancer to
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the benchmarksT@ble 4.8 and other considerations. As exipled in Section 5.1., EPA considered the
health effects of 1;4lioxane, the exposures from the condition of use, and the uncertainties in the
analysis (Section 4):

1 Inhalation exposures to consumers and bystanders were evaluated with the Consumer Exposure
Model Version 2.1 (CEM 2.1). The magnitude of inhalation exposures to consumers and
bystanders depends on several factors, including the concentratiordadXgde in products
used and use patterns (including frequency, duration, amount of produchnéaial
ventilation).

1 Dermal exposures to consumers were evaluated with the CEM (Fraction Absorbed). Dermal
exposures to consumers result from dermal contact not involving impeded evaporation while
using the product. The magnitude of dermal exposwpsrls on several factors, including
skin surface area, film thickness, concentration ofdiggane in product used, dermal exposure
duration, and estimated fractional absorption.

In summary, the risk estimates, the health effects eflibdane, the gxosures, and consideration of
uncertainties support EPAGs determination that
(consumers and bystanders) from the consumer use-didikdne in laundry detergent.

5.2.7 Consumer usé Paints and coatingd Paint and floor lacquer

Section 6(b)(4)(A) unreasonable risk determination for the consumer usedibiahe in paint and
floor lacquer Does not present an unreasonable risk of injury to health (consumers and bystanders).

For consumers, EPA found that there was no unreasonable risk-oanoer effects (liver toxicity)
from acute inhalation or dermal exposures at the-ggnsity use. For bystanders, EPA found that
there was no unreasonable risk of yuamcer effects (fier toxicity) from acute inhalation exposures at
the high intensity use.

EPAG6s deter minati on tdiboxarte infpdineancfloon lacquereloes notspeseot f 1
an unreasonable risk is based on the comparison of the risk estimatesdancemeffects to the
benchmarksTable 4.8 and other considerations. As explained in Section 5.1., EPA considered the
health effects of 14lioxane, the exposures from the condition of use, and the uncertainties in the
analysis (Section 4):

1 Chronicexposueswere not evaluated for this condition of use because daily use intervals are
not reasonably expected to occur.

1 Inhalation exposures to consumers and bystanders were evaluated with the Consumer Exposure
Model Version 2.1 (CEM 2.1). The magnitude ofaidtion exposures to consumers and
bystanders depends on several factors, including the concentratiordadXigde in products
used and use patterns (including frequency, duration, amount of product used, and local
ventilation).

1 Dermal exposures to camsers were evaluated with the CEM (Fraction Absorbed). Dermal
exposures to consumers result from dermal contact not involving impeded evaporation while
using the product. The magnitude of dermal exposures depends on several factors, including
skin surfacearea, film thickness, concentration of -tidxane in product used, dermal exposure
duration, and estimated fractional absorption.

In summary, the risk estimates, the health effects eflibdane, the exposures, and consideration of
uncertainties supppor EPA6s determination that there is no
(consumers and bystanders) from the consumer use-didkdne in paint and floor lacquer.
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5.2.8 Consumer usé Other usesi Spray Polyurethane Foam
Section 6(b)(4)(A) unreasonablisk determination for the consumer use ofdigxane in spray
polyurethane foamDoes not present an unreasonable risk of injury to health (consumers and
bystanders).

For consumers, EPA found that there was no unreasonable risk-oanoer effects (lier toxicity)

from acute inhalation and dermal exposures at theihighsity use. For bystanders, EPA found that
there was no unreasonable risk of yuamcer effects (liver toxicity) from acute inhalation exposures at
the high intensity use.

E P A 6 srmidagon that the consumer use of-tljdxane in spray polyurethane foam does not present
an unreasonable risk is based on the comparison of the risk estimatesdanneneffects to the
benchmarksTable 4.8 and other considerations. As explaine&ecttion 5.1., EPA considered the
health effects of 1dlioxane, the exposures from the condition of use, and the uncertainties in the
analysis (Section 4):

1 Chronicexposuresvere not evaluated for this condition of use because daily use intervals are
notreasonably expected to occur.

1 Inhalation exposures to consumers and bystanders were evaluated with the Consumer Exposure
Model Version 2.1 (CEM 2.1). The magnitude of inhalation exposures to consumers and
bystanders depends on several factors, inclutiegoncentration of 1,dioxane in products
used and use patterns (including frequency, duration, amount of product used, and local
ventilation).

1 Dermal exposures to consumers were evaluated with the CEM (Fraction Absorbed). Dermal
exposures to consumeaesult from dermal contact not involving impeded evaporation while
using the product. The magnitude of dermal exposures depends on several factors, including
skin surface area, film thickness, concentration ofdiggane in product used, dermal exposure
duration, and estimated fractional absorption.

In summary, the risk estimates, the health effects eflib¥ane, the exposures, and consideration of
uncertainties support EPAG6s determination that
(consumes and bystanders) from the consumer use aflibdane in spray polyurethane foam.

5.2.9 General Population
Section 6(b)(4)(A) unreasonable rid&terminatiorfrom any of the conditions of useof 1,4-dioxane
Does not present an unreasonable risk of injury to health (general population). EPA did not assess
exposures from ambient air, drinking water, aedimenpathways because they fall under the
jurisdiction of other environmental statutes administered 4, EB., CAA, SDWA, RCRA, and
CERCLA. However, EPA has not developed recommended ambient water quality criteria for the
protection of human health for t¢gdoxane. Exposure to the general population via surface water can
occur through recreational actids €.9.,swimming) and through consuming fish. EPA considered
reasonably available information and environmental fate properties to characterize general population
exposure through the surface water pathway. EPA evaluated the human health risks af potsati
and chronic incidental exposures via oral and dermal routes from recreational swimming and
determined that these risks are not unreasonable. In addition, becadsedané has low
bioaccumulation potential, EPA has determined that the humatih lnis&k from fish ingestion are not
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341 unreasonable. This unreasonable risk determination does not account for exposures to the general
342 population from ambient air, drinking water, asgtlimenpathways.
343
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APPENDICES

Appendix A CONSUMER EXPOSURES

For additional consumer modelisgpport files, please see the following supplemental documents:
Supplemental Analysis to the Draft Risk Evaluatmml,4-Dioxane- Consumer Exposure Assessment
Model Input ParametersSupplemental Analysis to the Draft Risk Evaluafarl,4-Dioxane-

Exposure Modeling Results and Risk Estimates for Consumer Exposures

A.1  Consumer Inhalation Exposure

A.l1.1 CEM 2.1 and CEM

The Consumer Exposure Mode(SEM 2.1andCEM within EEFAST 2014 predict indoor air
concentrations from consumer product use by implementing a deterministiehatasse calculation
utilizing an emission profile determined by implementing appropriate emission scenarios. The model
usesa twozone representation of the building of usay(,residence, school, office), with Zone 1
representing the room where the consumer product is age(utility room) and Zone 2 being the
remainder of the building. The product user is placed wifluine 1 for the duration of use, while a
bystander is placed in Zone 2 during product use. Otherwise, product users and bystanders follow
prescribed activity patterns throughout the simulated period. Each zone is consideradceat!

Product users arposed to airborne concentrations estimated within thefreddrduring the time of

use and otherwise follow their prescribed activity pattern. Bystanders follow their prescribed activity
pattern and are exposed to-femld concentrations when they aredone 1. Background concentrations
can be set to a nexero concentration if desired.

The general steps of the calculation engine within the CEM models include:
e Introduction of the chemical.é., 1,4-dioxane) into the room of use (Zone 1) through pessible pathways:
(1) overspray of the product or (2) evaporation from a thin film;
e Transfer of the chemical to the rest of the house (Zone 2) due to exchange of air between the different rooms;
e Exchange of the house air with outdoor air; and
e Compilatin of estimated air concentrations in each zone as the modeled occ@parger or bystander)
moves about the house per prescribed activity patterns.

For acute exposure scenarios, emissions from each incidence of product usage are estimated over a
period of 72 hours using the following approach that accounts for how a product is used or applied, the
total applied mass of the product, the weight fraction of the chemical in the product, and the molecular
weight and vapor pressure of the chemical. Tireggited averages (TWAs) were then computed based

on these user and bystander concentration time series per available human health hazard data. For 1,4
dioxane, 8hour TWAs were quantified for use in risk evaluation based on alignment of relevant acute
human health hazard endpoints. For additional det
assumptions, and algorithms, please see the User Guide Section 3: Detailed Descriptions of Models
within CEM 2.1(U.S. EPA, 2019r The emission models used have been compared to other model
results and measured data; see Appendix D: Model Corroboration of the User Guide Appendices for the
results of these analys@s.S. EPA, 2019
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For chronic exposure scenarios, CEM witBHrAST 2014 was used to obtain lifetime average daily
concentrations (LADCs) for the scenarios involving chronic exposures. Emissions are estimated over a
period of 60 dayd-or cases where the evaporation time estimated exceeds 60 days, the model will
truncate the emissions at 60 days. Conversely, for cases where the evaporation time is less than 60 days
emissions will be set to zero between the end of the evaporation time and 60 days. For more information
on this version of CEM and its chronic inhalatiestimates, refer to tiie FAST 2014 Documentation
Manual(U.S. EPA, 200).

Emission Models in CEM 2.1

Based on the suite of product scenarios developed to evaluate-thiexide consumer conditions of

use, the specific emission models applied for the purposes of this evaluation include: E1: Emission from
Product Appliedo a Surface Indoors Incremental Source Model and E4: Emission from Product Added
to Water.

Product Scenarios in CEM

Based on the suite of product scenarios developed to evaluate-thiexgde consumer conditions of
use, the specific models applied fbe purposes of this evaluation include: Product Applied to Surface
T Incremental Source Model and Product Added to Wa@onstant Rate Model.

CEM 2.106s E1 model and CEiMicemeRtal SaingecModelare@ialogous t o
and are germally applicable for liquid products applied to a surface such as cleaners. These emission
models assume a constant application rate over sspseified duration of use and an emission rate that
declines exponentially over time, at a rate that depentiseothemical molecular weight and vapor

pressure.

CEM 2. 10s E4 model and CEk Sdsant RBte Modial astumefedhidseodat t o
a constant rate over a duration that depends on
this estimated duration is longer than the uspecified duration of use, chemical emissions are

truncated at the end of the product use period and the remaining chemical mass is assumed to go down
the drain. These emission models are applied for use scesacioas laundry and dishwashing

detergent, dish soap, and textile dye.

A.1l.2 MCCEM

The Multi-Chamber Concentration and Exposure Model (MCCEM) estimates indoor air concentrations
of chemicals released from household prod(fEEA, 2010. It uses air infiltration and interzonal air

flow rates with usemput emission rates to calculate thwarying concentrations in several zones or
chambers whin a residence. Four types of source models are available in MGQGiektant, single
exponential, incremental, and data entry. For additional details, see the MCCEM Use{EBdide

20199).

Within MCCEM, the incremental source model is specifically desigior products that are applied to a
surface (as SPF is) rather than products that are placed in an envirogugean @ir freshener). This
distinction is important because the incremental source model considers the time or duration of
application or ge in its calculations of emissions and concentrations, while the single exponential
source model does not. The incremental model assumes a constant application rate over time, coupled
with an emission rate for each instantaneously applied segment thia¢slegponentiallyThe equation

for the timevarying emission rate resulting from the combination of constant application and
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541 exponentially declining emissiong\ans, 199Futilized in the single exponential incremental model is
542 shown belowThis is a simplification of the overall incremental model in MCCEM that considers two
543 emission decay constants and rates to capture emissions from both the evapatatifinsion phases.
544 However, the SPF scenario is better modeled by a single decay constant after application.

545 oo —22°° 5 q b 0 06
546  Where:

547 O'Yo = Emission rate at timé(mg/min)

548 © = Mass of product used (g)

549 ®»™O = Weight fraction of chemical in product (unitless)
550 6O = Conversion factor (1000 mg/g)

551 o = Time of start of application (min)

552 o = Application time (min)

553 1@ = Firstorder rate constant for emissions declinenHi
554 o Time (min)

555 0o = 0/1 value used to indicate if product is actively in use
556 = 0ifo o O T

557 = 1lifo o O T

558 The incremental model can be populated using experimental data and proposed model of emission rates
559 in Karlovich et al(201J). In this study, the authors measured air concentrationg-afidxane after

560 taking samples from an opeell SPF product applied to a cardboard box and placed in asra#

561 environmental chamber. These concentrations were used to develop a mathematical relationship

562 between the emission factor and loading fabtsed on the volume and airflow of the chamber.

&

°63 °°%0s50
564  Where:

565 0O = Emission Factor (ug/fahr)

566 6§ = Chamber concentration (ugfn

567 0O = Loading factor (rfm°)

568 660 = air changes per hour

569

570 Based on the chamber air flow rate, foam sample surface area, and indoor air assumptions, the above
571 equation can be reworked to find predicted air concentrations:

572

Y 00 ™
573 6 20 1@
574

575 The concentration data can be used to deteralecay rates by fitting the data to a time series
576 concentration function associated wi-dalanceMCCE M0 s
577 equation for a test chamber can be integrated assuming an initial concentration of zero to the following:

578 60 Q a-

579  Where:
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Karlovich et al.(201]) collected air samples 4, 12, 24, and 48 hours after placing the sample in the
chamber. Predicted indoor air concentrations (1,479, 663, 201, and 4%) yegpectiely) were fitted to

the concentration equation above to identify the initial emission rate and decay constant, 73.868 pg/hr
and 0.1 htt, respectively. The emission rate was normalized to the applied surface area of SPF in the
study (25 square inches) iad an emission rate per square inch of SPF applied, 2.955/hg/ifhis

initial emission rate and decay constant can then be scaled appropriately to find the total mass applied in
each application setting (attic, basement, and garage).

A.1.2.1 MCCEM Inputs for SPF Scenario

Product and Exposure Settings

The suggested values for house volume (432amd air exchange rate (0.45 ACH) are central values
from the Exposure Factors Handbo&®P@, 201). A two-story house is assumed for all cases. The attic
volume is assumed to be half the volume of one story, or 228t basement volume is assumed to be
the volume obne story, or 246 fnThe assumed garage volume (113 imthe average volume of one
and twacar garages in 15 singfamily homes with attached garages, as reportegaiiyerman et al.
2007.The attic and garage are assumed to be outside of the standard house volume as they are not
modeled to be conditioned or finished.

e For the attic scenario, interzonal airflow rates were applied based on measuhemhgé rates at a
variety of temperatures and wind speeds for vented and unvented\&tiiee (et al. 200p The
central measured value at wind speeds-8n#'s was about 1.5 air changes per hour (ACH) for the
unvented attic and about 6.0 ACH for the vented. The latter case is used in this scenario as most US
homes are assumed to have vented attics. When multiplied by the volume of the attic, this 6.0 ACH
rate corresponds to an interzonal airflow rate of 738 inbetween the attic and outdoors. Walker et
al. also considered the airflow between unconditioned attics and the remainder of the houses,
measuring an average of about 0.125 ACH at standard tempsraft@@25°C. This corresponds
to an interzonal airflow rate of 61.5%r between the attic and the rest of the house (ROH). The
suggested value of 0.45 ACH was applied for the rest of the house and outdoors, corresponding to
an interzonal airflow rate &21.4 ni/hr.

e For the basement scenario, interzonal airflow rates were applied using an algorithm developed in a
study estimating the distributions for residential air exchange tates{z and Rector, 2005The
estimated interzonal airflow rate between both basements and garages is estimated/ar.109 m
The suggested value of 0.45 ACH was applied for the rest of the house and outdoors, corresponding
to an irterzonal airflow rate of 110.7 nr.

¢ For the garage scenario, interzonal airflow rates were informed by the results of a study measuring
the airtightness of garages on a variety of homes under induced pressurized comditiorsi¢h
et al. 2003 The average airtightness measured with the blower door was 48 ACH at 50 Pa, which
corresponds to an air exchange rate of about 2.5 ACH and #85under normal coritions. The
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suggested value of 0.45 ACH was applied for the rest of the house and outdoors, corresponding to
an interzonal airflow rate of 221.4%r.

A typical floor or ceiling loading ratio of 0.41%m?3(i.e., for a ceiling height of 2.44 m; EPA, 2011),

when multiplied by the upstairs volume of 248, gives an estimated attic floor area of 1001986

sq. feet or 156,384 sq. inches). The same ratio applies to the garage ceiling, giving an estimated area of
48.4 nt (521 sq. feet or 75,024 sq. inches) when multiplied by the garage volume of ITi8em

basement volume (246%rand ceiling height (2.44 m) indicate a floor area of 10@.,8corresponding

to dimensions of 7.9 m by 12.8 m. The wall area is 2.449 m x 2 + 12.8 m x 2) = 101%mar 1087

sq. ft. or 156,528 sq. inches. These areas of application surface were multiplied by the emission rate per
square inch over the decay rate per hour to determine the total masslioika/e released in each

seting: 4523.752659 mg in the attic, 4527.918177 mg in the basement, and 2170.234931 mg in the
garage.

Use Patterns and Exposure Factors

An installation rate of 3 sq. ft./min or 180 sq. ft./hour is assumed, basedmstrantional video for

DIY spray foam insulation installatio€orresponding estimates for the duration of installation are 6

hours for the attic floor, 6 hours for basement walls, and 3 hours for the garage ceiling. Each application
was modeled to start at 9 AM. It is assumed that the user would be in the room of use during the time of
application and in the rest of the house for the remainder of the model run. This assumption of staying at
home produces a conservative estimate obsxpe. Bystander exposure is based on the assumption that
the bystander is home during the application period but spends the entire time in the rest of the house
and no time in the room of use.

In MCCEM, a breathing rate of 15.08F/atay was estimated bes on the recommended mean long

term exposure inhalation values in the 2011 Exposure Factors Handiiiodk401).

A.2  Consumer Dermal Exposure

Two models were used to evaluate consudermal exposures, the Fraction Absorbed model (P_DE2a
within CEM) and the Permeability model (P_DER2b within CEM). A brief comparison of these two
dermal models through the calculation of acute dose rates (ADRS) is provided Tisgvihave been
appliedto distinct exposure conditions, with the permeability model applied to scenarios likely to
involve occluded dermal contact where evaporation may be inhibited and the fraction absorbed model
applied to scenarios less likely to involve occluded dermakctint

The dermal models described below were run for all consumer conditions of use to provide a
comparison between the two results while recognizing each model is unique in its approach to
estimating dermal exposure and may not be directly comparaldpir{ethese limitations in minthe

full suite of exposure results from both models is shown for all conditions of Gsgplemental
Analysis to the Draft Risk Evaluatidor 1,4-Dioxane- Exposure Modeling Results and Risk Estimates
for Consumer Expases.x|Isx

Because neither model considers the mass of chemical as an input in the absorbed dose equations, both
have the potential to overestimate the dermal absorption by modeling a mass which is larger than the
mass used in a scenaritherefore, when utilizing either of the CEM models for dermal exposure
estimations, a mass check is necessary outside of the CEM model to make sure the mass absorbed does
not exceed the typical mass used for a given scenario.
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CEM Absorption Fraction Mode(P_DER?2a)

The fraction absorbed model estimates the mass of a chemical absorbed through the applicational of a
fractional absorption factor to the mass of chemical present on or in the skin following a use event. The

initial dose or amount retained on tlan is determined using a film thickness approach. A fractional
absorption factor is then applied to estimate the absorbed dose from the initial dose. The fraction
absorbed is essentially the measure of two competing processes, evaporation of thé fthemica

skin surface and penetration deeper into the skin. It can be estimated using an empirical relationship
based on Frasch and Bun@@19.
exposure under unimpeded exposure conditions was considered to be more representative. For
additional details on this modgllease seAppendix A andhe CEM User Guide Section 3: Detailed
Descriptions of Models within CEMJ.S. EPA, 2019a

Due to the

The acute form of the absorption fractiooahel is given below:

Where:

ADR
AR
Fabs
Dac
SA/BW
FQac
Dil
WE
EDac
CF1
AT

00Y

0'Y

0

YO g

56 0" Qow™0 00

mo d el

5

0

0"Y

= Acute daily dose rate (mg/idpy)
= Amount retained in the skin (g/énfilm thickness [cm] multiplied by product density)
Absorption fraction (see below)

Duration of use (min/event)

Surface area to body weight ratio ékg)

= Frequency of use (events/day, 1 for acute exposure scenarios)
= Product dilution fraction (unitless)

= Weight fraction otchemical in product (unitless)

= Exposure duration (1 day for acute exposure scenarios)

= Conversion factor (1,000 mg/g)

= Averaging time (1 day for acute exposure scenarios)

0s

consi

der at i

The fraction absorbed {F) term is estimated using the ratibevaporation from the stratum corneum to
the dermal absorption rate through the stratum corneum, as informed by gas phase mass transfer
coefficient, vapor pressure, molecular weight, water solubility, real gas constant, and permeability
coefficient.

Where:

Dac
tlag

ChH

= Ratio of the evaporation rate from the stratum corneum (SC) to the dermal absorption rate

= Constant (2.906)
= Duration of use (min/event)

()

. O
..p A @ D550

op

= Lag time for chemicaransport through SC (hr)
= Conversion factor (60 min/hr)

The chronic form of the dermal absorption fraction model is given below:

Where:

0000

0
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LADD = Lifetime average daily dose (mg/idny)

Der = Duration of use (min/event)

FQx = Frequency of use (events or days/year)
ED. = Exposure duration (57 years)

CF2 = Conversion factor (365 days/yr)

AT = Averaging time (78 years)

CEM Permeability Model (P_DER2b)

The permeability model estimates the mass of a chemical absorbed and dermal flux based on a
permeability coefficient (k) and is based on the ability of a chemical to penetrate the skin layer once
contact occurs. It assumes a constant supply of chemieatlgim contact with the skin throughout the
exposure duration. s a measure of the rate of chemical flux through the skin. The parameter can
either be specified by the user (if measured data are reasonably available) or be estimated within CEM
usingac hemi cal 6 s mol e c uwaterpartitieni cgefiidient §kiw) dTheoperealnility |

model does not inherently account for evaporative losses (unless the available fiwahres are

based on nowoccluded, evaporative conditions), which can be considerable for volatile chemicals in
scenarios where evaporation is not impeded. While the permeability model does not explicitly represent
exposures involving such impeded evaporatthe model assumptions make it the preferred model for

an such a scenaribor additional details on this model, pleaseAppendix Aand the CEMJser

Guide Section 3: Detailed Descriptions of Models within CENS( EPA, 2019

The acute form of the dermal permeability model is given below:

"YO

i 0 O " Fo 00 0QIKO 00 §°0
00Y — —
oY 00
Where:
ADR = Potential acute dosate (mg/kgday)
Kp = Permeability coefficient (cm/hr)
Dac Duration of use (min/event)

| Density of formulation (g/c#)
SA/BW = Surface area to body weight ratio @kg)

FQ.. = Frequency of use (events/day, 1 for acute exposure scenarios)
Dil = Product dilution fraction (unitless)

WF = Weight fraction of chemical in product (unitless)

ED.c = Exposure duration (1 day for acute exposure scenarios)

CF1 Conversion factor (1,000 mg/qg)

CF2 Conversion factor (60 min/hr)
ATac = Averaging time (day for acute exposure scenarios)

The chronic form of the dermal permeability model is given below:

o o o " bi(g "0 0Qaw’0 00 60
0000

0°Y 60 60

Where:

LADD = Lifetime average daily dogeng/kg-day)

Der = Duration of use (min/event)
FQ:x = Frequency of use (events or days/year)
ED.: = Exposure duration (57 years)

CF3 = Conversion factor (365 days/yr)
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AT. = Averaging time (78 years)

A3 Measured Emission Data

Systematic review identifieskeveral studies reporting emission rates or chamber emission
concentrations of 1;dioxane from spray foam and paint samples. These emission data are summarized
below. These data are not directly comparable to the predidied\8/As presented for consumer

exposure scenarios, as th@r8TWAs are zonéntegrated to account for the activity patterns of the user

or bystanderie, t he presented TWAs account for a user
T Zones 1 and 2 for the &hr period).

As described above, Karlovich et §017) identified 1,4dioxane in emissions from a twammponent
opencell SPF hours and days after application. Chamber concentrations and emission factors were
calculated from these sampling resulise emission factors were then used to predict indoor air
corcentrations (1,479, 663, 201, and 40 pdfon samples measured at 4, 12, 24, and 48 hours,
respectively).

Naldzhiev et al(2019 analyzed volatile organic compound presence in and emissions from three spray
foam insulation products. Authors measureddigkane in a twecomponent closedell SPF product,

both in the raw materidl.e., mixed spray foam, prapplication) and in the headspace from the cured
foam. Air concentrations were not reported, but findings confirmdli4o x aned6s pr-e&ebence
SPF products. 1;Bioxane was not detected in the other two products testedling a commercially
available, twecomponent closedell spray foam and a commercially available,-oomponent spray

foam.

Poppendieck et a{2017) reported concentrations of icdoxane in micrechamber air sampling of a
high-pressure closedell spray foam. Initial concentrationse(, at sampling time 0) were just above

100 pg/nt and fell below 50 yg/a f t er roughly 48 hours of sampl i
report(Poppendieck, 200, additional 1,4d i oxane chamber concente¥rati on:
i deal ocellspray fo@nd The neideal foam samples were submitted by the Consumer Product

Safety Commission (CPSC) to reflect Adieal preparation or application condit®such as offatio

mixing of two-component foams, low substrate temperature, and incorrect nozzle pressure or
temperature. Chamber concentrations measured from thiel@alrcloseecell foam were higher, falling
between 500 and 1,000 pgiat sampling the 0, ~500 pg/rhat 48 hours, and falling below 250 ug/m

around 175 hours.

Won et al.(2014) tested 30 building materials for 121 VOCs and reported measured chamber
concentrations and emission factors for-digxane in two of the product types covered in tlissumer
evaluation: foam insulation and paint. Chamber concentrations-oidxdne from various insulation
products ranged from 0.25 to 44.68 pudansix hours, with the highest level measured from a two
component, closedell foam. Chamber concentrat®of 1,4dioxane from various paint products

ranged from 0.80 to 1.74 ugfat six hours, with the highest level measured from an interior latex paint.
Study authors cite mean emission rates of 15.72 #igfrand 1.97 pg/dthr for insulation and paint,
respectively.

The Dani sh EPAOGs 2018 Survey and Ri sk Assessmen

Used f-lo¥o uirDoel f 0 Pr o (EBA 2088xmeasuredirespirddarym@ne concentrations

during a realistic use of specifproducts in a test room and then measured subsequent emissions in a
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814 climate chamber after five hours, three days, and 28 days. During application cbassdr twe

815 component epoxy floor paint, respiratory zone levels ofliggane were 220 pg/fnAt five hours,

816 levels decreased to 21 pgirm a 2020 followup survey, the Danish EPR0193 tested aditional

817 products and reported chamber concentrations edib)ane from twecomponent paint and lacquer
818 ranging from 7 to 460 pg/fat five hoursFollowing application of floor polish, levels of tgdoxane

819 were measured at 68 pg/ntat five hours.

820

821 Although measured chamber or test room concentrations are not directly comparablehtio T S

822 estimated for the various consumer exposure scenarios, on the whole, these emission studies bolster
823 confidence in the predicted air concentrations for the &fFpaint and floor lacquer conditions of use.
824

825 The predicted &ir TWAs for SPF range from 160 to 890 udfor users. These predicted estimates fall
826  within the range predicted in Karlovich et #2011 for samples measured at four and 12 hours.

827 Peppendieck et al2017) also reported measured air concentrations that encompass the modeled
828 consumer exposure estimates, with concentrations frorideaih closeecell spray foam ranging from
829 500 to 1,000 pg/rhover the first 48 hours. Won et §2014) reported levels of 4-dioxane well below
830 the CEM 2.1 predictions, from 0.25 to 44.68 pdjansix hours for various insulation products including
831 foam board and twosomponent operand closeetell spray foams.

832

833 The predicted $ir TWA for paint and floor lacquer is 20 pgffor users, which is roughly one order of
834 magnitude greater than concentrations measured in Won(20&) (0.87 1.74 ug/niat six hours), but

835 aligns with the Danish EPAO6s measured air conce
836 component epoxy floor paint (21 pgEPA, 2018 The predicted TWA also falls within the range

837 ofarcocentrations taken five hours aft-Bpstudyppl i cat
838 which reported levels from 7 to 460 ug/at five hours.

839

840 A.4  CEM Model Sensitivity Analysis Summary

841 The CEM 2.1 developers conducted a detailed sensitivity analystfdr as described in Appendix C
842 of the CEM User GuidéU.S. EPA, 2019h The CEM developers included results of model

843 corroboration analysis in Appendix D of the CEM User G(id&. EPA, 2019

844

845 In brief, the analysis was conducted on caumims variables and categorical variables that were used in
846 CEM emission or dermal models. A base run of different CEM models using various product or article
847 categories, along with CEM defaults, was used. Individual variables were modified, one aeadime,
848 the resulting Acute Dose Rate (ADR) and Chronic Average Daily Dose (CADD) were compared to the
849 corresponding results for the base run. Benzyl alcohol, a VOC, was used as an example for product
850 models such as those applied in this evaluation eflibdane.

851
852 The tested model parameters were increased by 10%. The measure of sensitivity for continuous
853 variables such as mass of product used, weight

854 as the ratio of percent change in each result tadhesponding percent change in model input. A

855 positive elasticity indicates that an increase in the model parameter resulted in an increase in the model
856 output, whereas a parameter with negative elasticity is associated with a decrease in the madel outpu
857 For categorical variables such as receptor activity patterrwork schedule) and room of use, the

858 percent difference in model outputs for different category pairs was used as the measure of sensitivity.
859
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The results are summarized below for the inhalation and dermal models used to evaluate consumer
exposures to 1;dioxane {.e., emission models E1 and E3 and the dermal permeability model
P_DERZ2b. For full results and additional background, refer to Appendix C of the CEM User Guide
(U.S. EPA, 2017p

A.4.1 Continuous Variables

For acute exposures generated from emission model E1, WF (weight fraction) and M_acute (mass of
product used) have the gresttpositive elasticities of the tested parameters. The next most sensitive
parameters demonstrate negative elasticity and include: Vol_Building (building volume); AER_Zone2
(air exchange rate in Zone 2); AER_Zonel (air exchange rate in Zone 1); Vol _Zoowilof use, or

Zone 1 volume). Inhalation exposures from liquid products applied to surface such as surface cleaner
were modeled using E1.

E1 Elasticity for ADR and CADD

WF

AER_Zone2

= Vp*
=
o VP
=
f— Vol_Zonel
Vol_Building
= Q_z12
= MW *
—
= MW
=
M_Chronic
M_Acute
—————
——
I
[ —]

AER_Zonel

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
Elasticity (% change in dose/% change in variable)
B ADR Negative BADR Positive B CADD Negative OCADD Positive

Figure_Apx A-1. Elasticities (O 0.05) for Parameters

Foracute exposures generated from emission model E4, WF (weight fraction), M_acute (mass of

A

product used), VP (vapor pressure), and MW (molecular weight) have the greatest positive elasticities of

the tested parameters. The next most sensitive parametemnssiieateonegative elasticity and include:
Vol_Zonel (room of use volume); Qz12 (interzonal ventilation rate); Vol_Building (building volume);
AER_Zone2 (air exchange rate in Zone 2); AER_Zonel (air exchange rate in Zone 1). Inhalation
exposures from productdded to water such as laundry detergent and dish soap were modeled using
E4.
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E4 Elasticity for ADR and CADD

WF

V¥

VP

Vol_Zonel
Vol_Building

Q 712

MW*

MW

M_Chronic
M_Acute

Duration_Chronic

Duration_Acute

AER_Zone2
AER Zonel

-0.4 -0.2

(=]

0.2 0.4 0.6 0.8 1 1.2
Elasticity (% change in dose/% change in variable)
B ADR Negative  BADR Positive B CADD Negative @ CADD Positive

882

883 Figure ApxA-2. EIl ast i ci tParansteré Appliedir0E8) f or

884

885 For acute exposures generated from the dermal peiliheatndel, the chemical properties that inform
886 absorption rate, or absorption rate estimates, have the greatest elasticities.diatahd, dermal

887 exposures from consumer product formulations were modeled using a measured Kp (permeability
888 coefficient) Therefore, Logkkw (octanol/water partition coefficient) and MW (molecular weight) were
889 not used to estimate skin penetration.

|
_ MAW™
I LogKow®
|
—— 1 Kp_E
I
-2.0 -10 0.0 10 2.0 3.0
Elasticity (% change in dose/%: change in variable)
B ADR Negative BADR Positive BCADD Negative OCADD Positive

892 Figure ApxA-3.El asticities (O 0.05) for Parameters Ap,

893 A.4.2 Categorical Variables

894  For categorical variables there were multiple parameters that affected other model inputs. For example,
895 varying the room type changed the ventilation rates, volume size and the amount of time per day that a
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person spent in the roomhids, each modeling result was calculated as the percent difference from the
base run. Among the categorical variables, the most sensitive parameters included receptor type (adult
vs. child), room of use (Zone 1) selection, and application of thefieéhbubble within Zone 1.

However, these types of variables were held constant within a given product modeling scenario and
were applied using consistent assumptions across all modeling scenarios.

Supplementafnalysis and Systematic Revidviles:

Consumer Exposure:
1 Supplemental Systematic Review to the Draft Risk Evaluation feDiodane Data Quality Evaluation
for Data Sources on Consumer Exposure
1 Supplemental Analysis to the Draft Risk Evaluation forRidxane Exposure Modeling Results
andRisk Estimates for Consumer Exposures
1 Supplemental Information Fil€€onsumer Exposure Assessment Modeling Input Parameters
General Population/Ambient Water Exposure:
1 Supplemental Analysis to the Draft Risk Evaluation forRidxane Ambient WateExposure
Modeling Outputs from HEAST
9 Supplemental Analysis to the Draft Risk Evaluation forDiégxane Modeling Inputs Results, and Risk
Estimates for Incidental Ambient Water Exposures
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